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Art.  I. —  Upon  the  relation  which  the  former  Orhits  of  those 
Meteorites  that  are  in  our  collections,  and  that  were  seen  to 
fall^  had  to  the  EartKs  OrUt ;  by  H.  A.  Newton. 

[Read  before  the  National  Academy  of  Sciences,  April  19,  1888.] 

My  studies  have. led  me  to  the  following  three  propositions: 

1.  The  meteorites  which  we  have  in  our  cabinets  and  which 
were  seen  to  fall  were  originally  (as  a  class,  and  with  a  very 
small  number  of  exceptions),  moving  about  the  sun  in  orbits 
that  had  inchnations  less  than  90° ;  that  is,  their  motions  were 
direct,  not  retrograde. 

2.  The  reason  why  we  have  only  this  class  of  stones  in  our 
collections  is  not  one  wholly  or  even  mainly  dependent  on  the 
habits  of  men  ;  nor  on  the  times  when  men  are  out  of  doors ; 
nor  on  the  places  where  men  live ;  nor  on  any  other  principle 
of  selection  acting  at  or  after  tlie  arrival  of  the  stones  at  the 
ground.  Either  the  stones  which  are  moving  in  the  solar  sys- 
tem across  the  earth's  orbit  move  in  general  in  direct  orbits ; 
or  else  for  some  reason  the  stones  which  move  in  retrograde 
orbits  do  not  in  general  come  through  the  air  to  the  ground 
in  solid  form. 

3.  The  perihelion  distances  of  nearly  all  the  orbits  in  which 
these  stones  moved  were  not  less  than  0*5  nor  more  than  1-0,  the 
earth's  radius  vector  being  unity. 
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when  statements  apparently  conflict.  A  judicial  temper  of 
mind  must  be  preserved  in  estimating  the  meaning  of  the 
statements,  lest  tne  evidence  be  twisted  to  the  support  of  some 
preconceived  notion.  Knowing  the  danger,  I  have  tried  to 
keep  my  own  mind  free  from  bias. 

We  need  not  know  the  exact  day,  but  we  must  know  the 
time  of  day  of  the  stone-fall,  else  the  direction  through  the  air 
cannqt  be  used.  This  throws  out  about  one-fifth  of  the  total 
number  of  falls  named  above, — there  being  no  statement  of 
the  time  of  day  of  the  fall  attainable.  There  are  left  210  dif- 
ferent cases  available  for  use.  For  94  of  these  there  is  no 
reliable  statement  of  the  direction  of  the  motion  of  the  meteor. 
We  know  only  the  day  and  the  hour  Even  this,  however,  is 
of  some  value,  since  we  know  that  the  meteor  must  have  been 
moving  downward  at  the  place  of  fall ;  that  is,  from  some 
point  of  the  heavens  then  above  its  horizon.  For  116  stone- 
falls  the  direction  of  the  motion  of  the  meteor  is  more  or  less 
definitely  indicated  by  the  statements  of  observers,  or  by  the 
statements  of  those  who  have  inquired  into  and  reported  the 
facts  of  the  falls. 

We  may  then  divide  the  observed  stone-falls  into  three 
groups  which  will  be  separately  considered :  («),  116  falls  for 
which  we  have  statements  as  to  the  direction  of  the  path 
through  the  air;  (J),  94  falls  of  which  we  know  the  time  of 
day  ;  (c),  50  or  more  falls  of  A^hich  the  history  is  too  scanty  to 
give  the  time  of  day. 

There  is  frequent  occasion  to  speak  of  two  points  on  the 
celestial  sphere  for  which  the  English  language  has  no  good 
Dames.     These  are  the  point  from  which  a  body  is  moving, 
and  the  point  to  which  a  body  is  moving.     These  two  points 
are  opposed  to  each  other,  as  north  is  to  south,  east  to  west, 
zenith  to  nadir.     The  words  quit  and  goal  will  be  used  to  de- 
note these  two  points.     The  earth) s  miit  is  that  point  of  the 
ecliptic  from  which  the  earth  is  movmg,  the  earths  goal  that 
point  to  which  the  earth  is  moving ;  the  one  being  about  90** 
ahead  of  the  sun  in  the  ecliptic,  the  other  90^  behind  it.     A 
meteoT^s  quit  is  that  point   of  the  heavens  from  which  the 
meteor  is  moving ;  its  goal  that  point  of  the  heavens  to  which 
it  is  moving.     The  motion  may  be  that  relative  to  the  earth,  in 
which  case  the  point  of  the  celestial  sphere  from  which  it  is 
moving  is  the  meteor's  relative  quit.     Thus  the  relative  quit 
of  a  meteor  when  it  is  entering  the  air  must  be  above  the  hori- 
zon of  the  place  of  entrance,  inasmuch  as  the  meteor  must  be 
moriog  downward.     If  a  meteoroid's  motion  be  corrected  for 
^ie  earth's  motion  the  direction  of  its  absolute  motion  about 
^®  &im  is  obtained,  and  then  the  two  points  of  the  celestial 
pbex^^  from  which  and  to  which  the  meteoroid  is  moving  are 
^  ^^^^olute  quit  and  its  absolute  goal. 
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The  observations  have  been  treated  graphically.  They  do 
not  demand  nor  do  they  admit  of  greater  accuracy  in  methods 
of  discussion  than  can  be  used  in  graphic  processes,  and  these 
processes  have  many  advantages  over  numerical  computations. 
A  stereographic  projection  of  two  hemispheres  was  prepared 
and  printed,  upon  which  there  were  three  sets  of  coordinate 
lines  from  three  sets  of  poles.  The  three  sets  of  points  were 
the  angles  of  triquadrantal  triangles.  Thus  the  lines  were 
drawn  to  represent  at  intervals  of  10**  the  distances  and  direc- 
tions from  the  poles  P,  P,  S,  E,  and  G,  Q,  (iig.  1,  p.  7).  In  the 
engraved  figure  these  coordinate  lines  are  omitted.  The  common 
diameter  oi  the  two  hemispheres  ESE  was  made  to  represent 
the  ecliptic,  and  the  sun  was  placed  at  the  center  or,  at  the 
edge  of  one  of  the  hemispheres.  The  point  P  would  then  be 
the  poles  of  the  ecliptic,  and  if  S  be  the  place  of  the  sun  the 
earth's  quit  will  be  Q,  and  the  earth's  goal  6. 

To  treat  any  single  meteor  a  large  celestial  globe  was  first 
set  for  the  time  and  place  of  the  fall.  Upon  the  globe  the 
celestial  latitude  and  longitude  of  the  zenitn  and  of  "the  west- 

1)oint  were  then  measured  The  day  of  the  year  gave  the  sun's 
ongitude.  The  zenith  and  west-point  could  then  be  marked 
upon  the  chart,  after  which  it  was  easy  to  draw  the  circles  rep- 
resenting the  meridian  and  the  prime  vertical.  The  stereo- 
graphic  projection  was  peculiarly,  advantageous  in  this  work  as 
all  circles  are  represented  by  circles,  and  angles  are  conserved 
in  the  projection.  The  effort  was  then  made  to  mark  upon 
the  chart  the  meteor's  relative  quit  as  accurately  as  the  obser- 
vations permit,  or  rather  to  describe  an  area  within  which  the 
quit  was  probably  or  certainly  located. 

Some  of  the  116  meteorite  quits  have  been  heretofore  fairly 
well  determined  by  other  persons,  or  they  can  be  so  deter- 
mined. This  is  the  case  with  the  meteors  of  Agram,  Weston^ 
Orgeuil,  Pultusk,  Iowa,  Rochester,  Esthervillle,  Krahenberg, 
Khairpur,  Yendome,  etc.  For  other  cases  we  are  able  by  com- 
paring the  various  statements  of  observers  to  locate  approxi- 
mately the  relative  quit.  But  for  a  considerable  number  of 
the  falls  we  have  to  be  content  witli  the  simple  statement  that 
the  stones  came  from  the  north,  or  from  the  northeast,  or  from 
the  south-southeast,  or  from  some  other  similarly  defined  di- 
rection. When  this  has  been  the  case  I  have  taken  a  point  20° 
above  the  horizon  in  the  direction  indicated,  and  considering 
this  as  the  center  of  an  area  of  considerable  size  within  \vhicn 
the  quit  was  probably  located,  have  treated  the  point  itself  as 
the  meteor's  quit. 

These  observations  of  direction  in  some  cases  will  be  in 
error,  or  will  be  perverted  in  reporting,  as  every  one  who  has 
tried  to  reconcile  numerous  accounts  of  a  meteor  has  unpleas- 
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ntly  learned.  But  when  the  statements  have  come  from  per- 
0118  who  saw  the  stones  come  down,  they  are  usually  of  much 
Qore  value  than  similar  reports  about  ordinary  meteors.  In 
■^y  case  when  the  reports  are  single  they  must  be  taken  for 
^nat  they  are  worth.     I  have  plotted  them  as  given. 

In  several  notable  instances  where  there  are  full  accounts  I 
^^ve  not  been  able  to  accept  the  conclusions  heretofore  arrived 
^^  as  to  the  direction  of  the  meteor's  path.  Thus,  Dr.  Bow- 
d^tch  made  the  path  of  the  Weston  meteor  to  be  from  north  to 
5^uth  and  parallel  to  the  horizon.  I  make  it  to  have  moved 
irom  a  point  N.  40°  W.,  35°  high.  The  Cold-Bokkeveld  me- 
^or  was  described  by  Sir  Thomas  Maclear  as  moving  from  the 
.*^.N.W.  It  apparently  moved  in  the  opposite  direction  ;  that 
J^»  from  the  E.S.E.  The  I'Aigle  meteor  was  described  by  M. 
^'ot  as  moving  from  the  S.S.E.,  whereas  it  is  well  nigh  certain 
Qafc  it  came  from  the  N.W.  In  like  manner  the  Stannem 
Jetoorite  was  assumed  by  von  Schreibers  to  have  come  from  the 
•N^«  W.,  whereas  there  are  reasons  of  great  weight  for  believ- 
5  t:lat  it  came  from  the  opposite  direction.  I  may  add  that 
'S^  and  other  like  changes  are  not  made  under  any  pressure 
t^ias  to  prove  my  propositions.  In  fact  three  of  the  four 
^^^ges  just  named  make  the  evidence  for  my  conclusions 
*-l^er  instead  of  stronger. 

the  treatment  of  the  observations  several  quantities  have 
neglected  as  not  large  enough  to  be  comparable  with  the 

able  errors  of  the  observations   themselves.     Thus  the 
'^t  of  the  earth's  attraction  in  changing  the  direction  of 
^Xon,  or  what  has  been  called  the  zenithal  attraction  of  the 
has  been  allowed  for  only  in  a  general  way.     So  the 

's  quit  and  goal  are  treated  as  being  exactly  90°  from  the 
^  >  or,  in  other  words,  the  earth's  orbit  has  been  treated  as  a 
^Ve.    In  like  manner  the  motion  of  the  place  of  fall  due  to 

earth's  rotation  on  its  axis  has  not  been  taken  account  of. 

aving  located  upon  the  chart  the  meteor's  relative  quit  we 

^  ^  next  to  construct  its  absolute  quit.     This  evidently  lies 

tihe  great  circle  joining  the  relative  quit  to  Q  (fig.  1),  which, 

^^n  the  sun  is  at  S'is  represented  on  the  chart  by  a  straight 

^^  through  Q,  together  with  its  corresponding  line  through 

When  the  absolute  velocity  of  the  raeteoroid  in  its  motion 
^Tit  the  sun  is  given,  the  place  on  this  circle  of  the  absolute 
:^t:  can  be  determined  by  combining  by  the  parallelogram  of 
*tDcities  the  motions  of  the  earth  and  of  the  meteoroia  The 
*  lowing  table  is  an  abstract  of  a  larger  one  used  in  this  reduc- 
^Ti,  and  is  constructed  for  the  limiting  velocities  1*414  and 
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Table  showing  the  diBtances  from  the  earth's  quit  to  the  absolute  quit  of  a 
meteoroid  for  different  distances  from  the  earth's  quit  to  the  relative  quit  of  the 
meteoroid. 

DltUnce  from  Q  to  relatiye  quit. 


Distance  from  Q  to  absolute  qnit. 

>=  1-414. 

r=  1-244. 

9°-3 

6°-3 

22-1 

15-8 

45-0 

36-5 

82-1 

75-8 

129-3 

126-3 

180-0 

180-0 

30° 

60 

90 
120 
150 
180 

In  the  following  constructions  the  maximum  velocity  of  the 
meteoroid  has  been  used.  When  the  meteoroid's  relative  quit 
is  known  as  a  point  the  absolute  quit  is  at  once  constructed. 
If,  however,  we  have  an  area  within  which  the  relative  quit  is 
probably  located  we  may  mark  off  with  equal  facility  points  on 
the  boundaries  of  the  area  within  which  the  absolute  quit^s 
probably  located.  If  the  former  area  is  a  circle  the  latter  ^vill 
be  an  oval.  The  center  of  the  circle  does  not  correspond  ex- 
actly to  the  center  of  the  oval,  but  by  applying  a  correction  to 
the  table  the  center  of  the  oval  absolute-quit  area  can  be 
directly  constructed  from  the  center  of  the  circular  relative- 
quit  area. 

In  figure  1  I  have  given  in  a  single  diagram  constructed  on 
a  stereographic  projection,  the  results  for  110  stone-falls.  The 
best  determinations  which  the  accounts  admit  of  for  the  mete- 
or's direction  were  iirst  made  out.  Then  the  center  of  the 
probable  quit  area  in  each  case  was  assumed  to  be  the  actual 
quit.  When  only  the  quarter  of  the  heavens  from  which  the 
stones  came  is  stated  the  center  of  probable  area  was  taken  20^ 
above  the  horizon.  Interpreted  thus,  the  stars  in  figure  1  rep- 
resent the  places  of  the  116  absolute  quits  relatively  to  the 
place  of  the  sun,  S,  and  to  that  of  the  earth's  quit  and  goal, 
Q  and  G. 

Let  us  denote  any  one  of  these  quits  (or  stars),  by  the  letter 
(J,  The  elements  of  the  orbit  in  which  tlie  corresponding  stone 
was  formerly  moving  can  be  easily  obtained  from  the  projec- 
tion. The  earth's  longitude  on  the-  day  of  fall  is  the  longitude 
of  the  node.  The  angle  ySQ  is  the  inclination  of  the  orbit  to 
the  ecliptic,  and  its  amount  is  at  once  read  off  on  the  projec- 
tion. The  orbit  has  been  assumed  to  have  been  a  parabola. 
Hence,  twice  the  complement  of  yS  was  the  angular  distance 
of  the  stone  from  its  perihelion.  If  (jS>  90°,  the  perihelion 
had  not  been  reached;  if  yS  <00,  the  perihelion,  had  been 
passed.  The  perihelion  distance  was  Siu^'f/S.  If,  however,  it  be 
assumed  that  the  orbit  was  a  long  ellipse  of  given  major  axis, 
the  place  of  the  absolute  quit,  y,  moves  somewhat  nearer  to  Q 
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along  the  line  j'Q,  the  angle  in  the  plane  of  the  orbit  from  peri- 
helion was  a  little  more  man  twice  the  complement  of  ^  and 
the  perihelion  distance  somewhat  less  than  Sin'jS.  ^ut  all 
these  quantities  are  easily  computed  in  terms  of  the  assumed 
major  axis.  With  a  semi-major  axis  as  large  as  6  the  change 
in  fijgure  1  would  not  be  so  considerable  as  to  modify  any 
concmsions  we  can  deduce  from  the  grouping  of  the  stars. 

The  most  noticeable  fact  revealed  by  the  figure  is  the  dns- 
tering  of  the  stars  about  the  point  Q.  All  but  7  of  the  116 
meteor  quits  are  in  the  Q  hemisphere;  that  is,  had  orbits 
whose  inclinations  were  less  than  90^.  One  hundred  and  nine 
followed  the  earth,  seven  met  it.  Again  the  two  lines  STE 
are  drawn  to  represent  circles  inclined  35°  to  the  ecliptic 
More  than  two-thirds  of  the  meteor  quits  lie  between  tnese 
two  lines ;  hence,  over  two-thirds  of  the  orbits  were  inclined 
less  than  35°  to  the  ecliptic,  the  motion  being  direct 

It  should  be  said  that  this  clustering  of  tne  points  near  Q  is 
somewhat  exaggerated  in  the  figure  by  the  nature  of  the  stere- 
ographic  projection.  The  scale  of  distances  near  Q  differs  from 
that  near  the  circumference.  But  this  does  not  s^ect  the  di»- 
tribution  between  the  hemispheres. 

It  has  been  assumed  that  certain  centers  of  quit  areas  were 
themselves  the  quits.  Can  the  condensation  of  the  quits  near 
Q  have  been  caused  in  any  way  by  this  assumption  ?  Or,  is  it 
possible  that  general  errors  of  observation,  or  inaccuracy  of  re- 
porting, could  have  been  the  cause  ?  To  answer  this  question 
let  us  suppose  that  there  had  existed  a  law  that  led  to  conden- 
sation 01  the  relative  quits  in  any  manner  whatever.  The 
effect  of  the  errors  of  observing  or  reporting,  and  also  the  effect 
of  the  assumption  above  stated,  would  be  toward  scattering 
these  relative  quits  over  the  heavens  more  equably,  and  thns 
masking  the  law.  Then  when  the  relative  quits  thus  unduly 
scattered  are  reduced  to  absolute  quits  there  might  be  as  a 
result  a  tendency  towards  condensation  near  Q.  JB,  however, 
we  draw  the  circle  TT,  enclosing  those  absolute  quits  whose 
relative  quits  are  in  the  hemisphere  next  Q,  the  general  ten- 
dency of  the  errors  in  question  would  be  towards  equalizing 
the  number  of  absolute  quits  within  to  those  without  tne  circle 
TT.  Now,  the  number  of  stars  is  nearly  twice  as  great  within 
as  without  the  circle.  The  condensation  about  Q,  shown  in 
figure  1,  exists  therefore  in  spite  of,  and  not  in  consequence  of, 
these  errora  With  a  good  deal  of  confidence  do  I  conclude  that 
these  116  meteors  were,  as  a  class  and  with  probably  a  very 
few  exceptions,  before  coming  into  the  air  following  tne  eartn 
in  its  orbit  about  the  sun. 

Another  fact  of  great  interest  is  also  shown  by  the  grouping 
of  the  points  in  figure  1.    In  general  these  stones  did  not  go 
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i  their  orbits  very  near  to  the  sun.  Assuming  that  the  orbits 
ere  parabolas  we  have  for  all  the  stones  whose  perihelion  dis- 
inces  were  less  than  one-half,  Sin'jS  <i.  If  there  be  drawn 
ircles,  AA,  AA,  45**  from  S  and  from  E,  then  will  all  the 
bones  whose  absolute  quits  were  in  the  central  zone,  APPAA  A 
^hicli  is  bounded  by  the  circles  AA,  have  perihelion  dis- 
ances  greater  than  one-half  and  less  than  unity.  Of  these 
here  are  103  out  of  a  total  of  116.  If  the  same  orbits  are  as- 
turned  to  have  had  semi-major  axes  equal  to  5,  then  the  circles 
fiiA  would  have  to  be  drawn  a  fraction  of  one  degree  farther 
from  S  and  from  E  to  serve  as  the  limiting  curve  to  orbits 
whose  perihelion  distances  exceed  one-half. 

It  appears  from  figure  1  that  these  116  stones  were,  with  a 
few  exceptions,  following  the  earth  in  their  orbit  about  the 
sun.  This  could  happen  from  either  one  or  more  of  three  pos- 
sible causes : 

Firstly,  that  nearly  all  the  stones  in  the  solar  system  are 
moving  in  direct  orbits,  very  few  in  retrograde  orbits ; — 

Or,  secondly,  that  stones  moving  in  retrograde  orbits  for 
some  reason,  as  for  example  their  great  relative  velocity, 
may  not  have  been  able  to  pass  through  the  air  and  to  reach 
the  ground  in  solid  form  ; — 

Or,  thirdly,  that  stones  moving  in  such  retrograde  orbits, 
and  coming  through  the  air,  may  be  falling  while  men  sleep, 
or  for  some  like  reason  may  fail  to  be  found.  In  other  words, 
the  effective  cause  may  work  above  the  air,  in  the  air,  or  below 
the  air. 

Let  us  assume,  as  an  hypothesis,  that  neither  of  the  first  two 
*re  the  true  causes.  In  that  case  we  should  have  the  stones 
moving  in  every  direction  as  they  cross  the  earth's  orbit. 
There  should  be  about  as  many  orbits  having  retrograde  mo- 
tions as  direct  motions.  Hence  the  absolute  quits  of  all  stones 
<5oming  into  and  hence,  by  hypothesis,  coming  through  the  air, 
fihoulabe  symmetrically  aistriDuted  in  their  longitudes  relative 
*o  the  sun.  At  least  there  should  be  as  manv  absolute  quits 
in  the  G-hemisphere  as  in  the  Q-hemisphere  (ngure  1).  Take 
account  now  of  the  earth's  motion  and  locate  the  relative  quits. 
^  these  stones  whose  absolute  quits  lie  outside  of  the  circle 
TT  will  have  their  relative  quits  in  the  G-hemisphere.  Upon 
the  hypothesis  of  parabolic  orbits  and  of  an  equable  distribu- 
^on  of  the  absolute  quits  over  the  celestial  sphere  the  number 
of  relative  quits  in  the  G-hemisphere  should  oe  to  those  in  the 

Q-hemisphere  as  1-fcos—  :  1— cos— ,  or  as  17:3.     The  relative 

4  4 

qnits  should  then  be  very  much  more  numerous  in  the  G-hem- 
isphere than  in  the  Q-hemisphere. 
Furthermore,  suppose  that  the  heavens  visible  at  a  given  time 
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and  place,  are  divided  by  a  vertical  circle  into  two  halves ;  and 
suppose  that  this  vertical  circle  is  at  ri^ht  angles  to  the  plane 
containing  the  zenith  and  the  earth's  quit  and  goal.  That  half 
of  the  visible  heavens  that  lies  towards  the  earth's  goal  may  be 
called  the  goal-half,  the  other  half  may  be  called  tne  quit-half 
of  the  visible  heavens.  In  any  given  period  there  should  evi- 
dently be,  under  the  several  hypotheses  stated,  many  more 
stones  coming  into  the  air  and  reaching  the  ground  directed 
from  the  goaPhalf  than  there  should  be  directed  from  the  quit- 
half  of  the  visible  heavens.  Still  further,  since  this  proposi- 
tion applies  to  any  epoch  whatever,  we  may  apply  it  to  116 
periods  covering  the  times  of  the  116  stone-falls,  that  is,  to  the 
116  stone-falls  themselves.  Many  more  of  these  should  (under 
the  hypotheses  stated)  have  come  from  the  goal-half  than  from 
the  quit-half  of  the  visible  heavens. 

If,  then,  the  relative  quit  of  each  of  these  116  stones  is  sup- 
posed to  be  carried  around  in  azimuth  180^,  the  altitude  being 
unchanged,  the  116  distances  from  each  new  place  of  the  quit 
to  the  earth's  quit  for  the  epoch  of  the  fall  should,  in  the  aver- 
age, be  decidedly  less  than  the  corresponding  116  distances 
from  the  actual  relative  quits  to  the  earth's  quit.  This  should 
hold  true  (under  the  hypotheses  stated)  no  matter  what  causes 
below  the  air  may  have  occasioned  the  selection  of  the  116 
epochs.  The  fact  that  more  persons  are  abroad  in  the  evening 
hours  from  6^  to  10**  P.  M.,  than  in  the  corresponding  momiuff 
hours,  2^  to  6^  A.  M.,  may  well  cause  that  more  stones  should 
be  secured  in  the  evening  than  in  the  morning  hours.  In  the 
evening  hours  the  earth's  quit  is  above  the  horizon ;  in  the 
morning  hours  the  earth's  goal.  It  might  easily  be  that  we 
should  for  this  reason  get  more  stones  of  direct  than  of  retro- 
grade motions.  But  the  above  criterion  is  entirely,  independ- 
ent of  any  such  principle  of  selection  of  the  epochs.  A  change 
of  the  azimuth  of  the  quits  through  180°  should  cause  a  larger 
number  of  them  (under  the  hypothesis  stated)  to  approach  the 
earth's  quit  than  to  recede  from  it. 

I  have  marked  off  upon  the  working  sheets  the  position  180^ 
in  azimuth  from  each  of  115  relative  quits,  the  altitude  being' 
unchanged,  and  measured  the  several  distances  from  the  earth's 
quit.     (One  fall,  Nedagolla,  was  unavailable.)     The  following 
is  the  result.     In  44  cases  the  meteor's  quit  by  the  change 
approaches  the  earth's  quit;   in  70   cases   it  approaches  th^ 
earth's  goal ;  in  one  it  remains  unchanged.     That  is,  instead  of 
a  very  large  majority  of  the  quits  moving  towards  the  earth'B 
quit  we  have  nearly  two-thirds  of  them  moving  the  other  waV- 
In  the  reversed  position,  moreover,  we  should  have  had  38  al>' 
polute  quits  in  the  G-hemisplicre  instead  of  7.     These  numbet^ 
show  very  decidedly  that  the  hypotheses  made  above  are  no* 
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true.  The  principle  of  selection  is  not  ervti/reVy  below  the  air, 
and  the  numbers  testify  so  markedly  against  that  hypothesis 
that  I  feel  warranted  in  adding  that  the  cause  is  mavaty  either 
above  the  air,  or  in  the  air. 

Between  the  first  and  second  causes  named  the  materials 

used  for  the  present  discussion  do  not  furnish  9k  positive  critical 

test.     But  if,  as  I  believe,  the  Stannem  stone  came  from  the 

south,  we  have  at  least  one  instance  of  stones  coming  into  the 

air  with  a  velocity  of  nearly,  or  quite,  45  miles  a  second  and 

reaching  the  ground  in  solid  form.    About  25  of  the  quits  in 

figure  1  imply  velocities  of  not  less  than  25  miles  a  second  on 

entering  the  air.     Large  velocities  do  not  seem  to  be  entirely 

fatal  to  the  integrity  of  the  meteorites.     I  believe  that  the  first 

cause  was  the  dominant  one  rather  than  the  second,  yet  for  a 

crucial  test  of  the  two  causes,  if  one  can  be  found,  we  must 

look  to  a  class  of  facts  other  than  those  we  have  been  consider- 

We  are  now  in  position  to  consider  the  other  94  stone-falls. 
In  figure  2,  the  construction  of  which  is  similar  to  that  of  fig- 
ure 1,  the  stars  mark  the  zenith  points  for  each  time  and  place 
of  the  94  falls.  A  grouping  is  at  once  noticeable.  They  are 
nearly  all  in  the  northern  hemisphere,  since  the  observing  peo- 
ples live  there.  Those  stars  in  the  hemisphere  of  which  S  is 
the  pole,  that  is  between  the  two  lines  PP  and  PP,  are  evi- 
dently daylight  stone  falls,  since  S  is  above  the  horizon  for  each 
case.  These  constitute  about  seven  eighths  of  the  whole  nura- 
her.  The  reason  for  tliis  predominance  is  manifest.  In  the 
night  men  see  the  fireball  or  the  train,  whereas  in  the  day  the 
first  intimation  of  the  stone-fall  is  usually  the  hearing  of  the 
detonation  two  or  three  minutes  after  the  fireball  has  disap- 
P^red.  Hence,  daylight  stone-falls  are  those  whose  directions 
are  less  likely  to  be  observed,  and  these  94  falls  are  the  ones  of 
which  the  directions  are  unknown. 

It  will  also  be  seen  that  there  are  nearly  twice  as  many  in 

the  Q-hemisphere  as  in  the  G-hemisphere ;  that  is,  there  are 

nearly  twice  as  many  that  fell  when  the  earth's  quit  was  above 

the  horizon  as  there  were  when  the  earth's  goal  was  above  the 

horizon.     In  general,  the  former  were  afternoon  stone-falls,  the 

j    latter  forenoon  stone-falls.     Now  the  habits  of  the  urban  pop- 

I    nlation  have  not  much  to  do  with  these  daylight  meteors,  for 

\    the  fireballs  were  not  seen.     The  accounts  come  from  the 

i    country,  where  the  stones  in  general  have  fallen,  and  about  as 

!    many  people  are  there  abroad  in  the  forenoon  as  in  the  af ter- 

\    noon.    If  stones  came  to  the  ground  as  often  from  retrograde 

^  from  direct  orbits  we  ought  apparently  to  have  had  very 

^nany  more  zeniths  in  the  G-hemisphere  than  in  the  Q-hemis-  ^ 

phere.    The  contrary  being  the  fact  of  experience  we  may  rea- 
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)ly  say  that  the  94  stone-falls,  about  which  we  know  compara- 
Mittle,  seem  decidedly  to  follow  the  same  laws  as  the  116 
about  which  we  know  so  much  more, 
lis  conclusion  is  greatly  strengthened  if  we  take  account 
le  effect  of  the  earth's  attraction  in  carrying  the  meteor^s 
toward  the  zenith.  Any  stone  must  be  moving  down- 
when  it  enters  the  air.  But  the  earth's  attraction  must 
;e  the  direction  of  its  motion  during  the  approach  to  the 
.  Hence  the  region  of  the  heavens  from  which  a  stone 
ipproach  the  earth  is  not  bounded  by  the  actual  horizon, 
}y  a  curve  which  may  be  treated  as  a  depressed  horizon, 
depression  of  the  horizon  is  far  greater  toward  the  quit 
toward  the  goal  side  of  the  horizon.  The  maximum  de- 
ion  for  a  stone  moving  in  a  parabolic  orbit  is  about  17**. 
jnce  follows  that  when  the  zenith  is  more  than  73°  and 
ban  90°  from  G,  both  the  points  G  and  Q  are  above  the  de- 
ed horizon,  and  therefore  that  the  14  falls  whose  zeniths  are 
Ben  these  limits,  that  is,  are  between  the  circles  AA  and 
S,  figure  2,  should  be  left  out  of  the  count.  The  correspond- 
•egion  on  the  Q-hemisphere  is  less  than  one  degree  in 
Ith,  and  contains  one  zenith  point.  We  have  left  only  20 
when  the  earth's  goal  alone  was  above  the  depressed  hori- 
o  be  compared  with  59  falls  when  the  earth's  quit  alone 
ibove  the  depressed  horizon. 

the  50  observed  falls  constituting  the  third  group,  of 
b  the  hour  of  fall  is  not  stated,  very  few  particulars  other 
the  fact  of  fall  are  known.  Although  we  are  left  without 
>ower  of  saying  that  they  indicate  the  same  law  as  the 

210  falls,  we  find  at  the  same  time  no  reason  to  suspect 
ontrary.  It  is  not  unreasonable  to  assume  that  the  well- 
ved  stone-falls  are  good  representations  of  the  whole 
>,  and  to  affirm  the  three  propositions  with  which  I  set 
8  true,  in  general,  not  only  for  the  210  stgne-falls  of  the 
two  groups,  but  for  the  whole  260  stone-falls  which  are 
sented  by  stones  in  our  cabinets,  and  in  which  the  stones 
seen  or  known  to  fall. 

also  seems  a  natural  and  proper  corollary  to  these  proposi- 
(unless  it  shall  appear  that  stones  meeting  the  earth  are 
ayed  in  the  air\  that  the  larger  meteorites  moving  in  our 
system  are  allied  much  more  closely  with  the  group  of 
ts  of  short  period  than  with  the  comets  whose  orbits  are 
y  parabolic.  All  the  known  comets  of  shorter  periods  than 
ars  move  about  the  sun  in  direct  orbits  that  have  moderate 
lations  to  the  ecliptic.  On  the  contrary,  of  the  nearly 
olic  cometic  orbits  that  are  known  only  a  small  propor- 
)f  the  whole  number  have  small  inclinations  with  direct 
m. 
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It  also  follows  that  in  future  reductions  of  these  stone-fall 
observations  it  will  be  better  to  assume  that  the  velocity  of  the 
stone  in  its  orbit  was  not  that  velocity  which  corresponds  to  a 
parabolic  orbit,  but  that  which  corresponds  to  the  mean  orbit 
of  the  comets  of  short  period.  The  largeness  of  the  perihel- 
ion distances  has  an  evident  bearing  also  upon  the  idea  that 
these  stones  forip  the  fuel  of  the  sun. 

The  presentation  of  the  argument  here  made  has  been  in- 
complete in  that  the  details  of  the  investigation  of  individual 
stonefalls  has  been  entirely  omitted.  Some  of  the  determina- 
tions of  the  paths  are,  I  think,  as  complete  as  I  can  hope  to 
make  them.  J3ut  others  must  be  regarded  as  provisional,  since 
I  hope  to  secure  respecting  them  additional  data.  I  hope  at 
some  future  time  to  give  a  complete  discussion  of  all  these  ob- 
served stone-falls.  In  the  past  i  have  been  greatly  indebted  to 
friends  for  aid  in  collecting  accounts  of  the  Mis,  and  I  heartily 
thank  them  therefor.  I  shall  be  very  grateful  also  in  the  future 
for  unpublished  observations  of  the  stone-falls,  as  well  as  for 
observations  that  have  been  so  published  as  not  to  be  likely  to 
have  attracted  attention.  I  bespeak  the  kindly  aid  of  any  who 
have  made  or  have  collected  such  observations. 
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James  D.  Dana.     With  Plates  I,  II,  III. 

[Continned  from  page  289 ;  and  also  from  xxxiii,  433,  xxxiv,  81.  349,  xxxv,  15,  181.] 

Supplement  to  the  History  op  Kilauea. — Since  the  debris- 
cones  of  Halema'uma'u,  the  great  lava-lake  of  Kilauea,  have  a 
constitution  and  history  unlike  anything  thus  far  reported  from 
other  volcanic  regions,  I  add  to  the  previous  notes  the  following 
from  a  recent  letter  of  Mr.  J.  H.  Maby,  of  the  Volcano  House, 
dated  March  8th.  Mr.  Maby  writes  that  the  cone  has  been  ris- 
ing since  August,  of  1887,  until  now  the  summit  is  "on  a  line 
with  the  outside  walls  of  the  crater,  looking  from  the  Volcano 
House."  No  additions  have  been  made  to  the  exterior,  but  in- 
stead, the  eastern  side  (which  Plate  6  in  the  last  volume,  from  a 
photograph,  showed  to  be  in  process  of  separation  from  the  rest) 
"  has  slipped  down  a  little  and  changed  considerably  its  shape.*' 
Moreover  the  bottom  or  floor  of  the  Great  Lake  with  its  lavas,  is 
now  within  40  or  60  feet  of  the  top,  which  implies  a  rise  of  30  or 
40  feet  in  the  same  interval.  The  fires  have  been  very  active, 
and  are  now  visible,  from  the  house,  on  the  east  side  of  the  cone ; 
and  the  lavas  on  that  side  have  flowed  over  into  the  deserted 
basin  of  New  Lake,  filling  its  lower  portion.  The  lake  on  the 
west  side  of  the  cone  has  also  much  increased  in  size,  being  now 
nearly  300  feet  in  diameter;  and  it  has  thereby  encroached  on 
the  doomed  cone. 
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fi       II.    MOKUAWEOWEO,  THE  SUMMIT  CRATER  OF 
tc  MT.  LOA. 

^t\       Maps. — A  map  of  the  island  of  Hawaii,  reduced  from  the 
^j    Government  map,  is  here  introdaced  (Plate  1)  for  the  better 
^;    illustration  of  the  facts  and  discussions  beyond.*    It  shows 
,  [    the  topographic  simplicity  of  the  island — a  fact  not  expressed 
^^1    in  most  of  the  small  published  maps,  which  generally  (like 
rj    that  of  the  eleventh  volume  of  the  new  Encyclopedia  Brit- 
^"7    tanica)  put  in  mountain  ranges  or  ridges  that  do  not  exist. 
'I    The  mapwill  enable  the  reader  to  appreciate  the  relative  posi- 
^'*i    tion  of  Kilauea  and  the  Mt.  Loa  crater,  their  relative  heights, 
';    the  absence  of  water-courses  from  all  of  the  mountain  slopes 
";■     except  a  small  windward  region  ;  the  large  size  of  the  valleys 
of  the  Kohala  Mountains  to  the  north ;  the  positions  of  tne 
■^ '     great  lava  streams  of  1840  to  1887 ;  the  routes  of  the  roads 
^'    (mostly  bridle  paths)  ;  the  two  routes  to  Kilanea,  one  of  thirty- 
one  miles  on  horseback  from  Hilo,  the  other  of  about  half  this 
?     distance,  from  Keauhou,  the  upper  half  a  good  carriage  road; 
and  also  the  districts  into  which  the  island  is  divided,  and  the 
positions  of  the  principal  villages. 

The  present  lorm  of  the  summit  crater,  Mokuavveoweo,  is 
shown  on  the  map  by  J.  M.  Alexander,  Pkte  2,  reduced  from 
the  results  of  his  survey.  The  height  of  the  highest  point, 
given  on  it,  13,675  feet,  differs  eighty-iive  feet  from  Wilkes's 
determination  of  the  same  point  in  1841. 

The  history  of  the  summit  crater  is  mostly  a  history  of  the 
results  of  its  eruptions,  for  few  facts  have  been  observed  about 
the  action  within  the  crater.  It  has  excited  attention  when  an 
eruption  has  been  in  progress:  but  the  chief  outflows  have 
begun  below  the  summit  and  the  source  of  the  outflow  is 
usually  the  only  place  reached.      Still  there  is  much  to  be 

fathered  from  the  reported  facts.     My  personal  investigations 
ave  been  confined  to  the  base  of  the  mountain,  andlhe  re- 
view beyond  is  hence  almost  solely  from  the  accounts  of  others. 

History  of  the  Eruptions  from  1832  to  1888. 

1832,  June  20.— On  the  20th  of  June,  1832,  according  to 
Rev.  Joseph  Goodrich,  lavas  were  discharged  from  several 
vents  about  the  summit.  The  tires  continued  to  be  visible  for 
two  or  three  weeks,  and  were  seen  from  Lahaina,  100  miles  to 
the  northwest.  Nothing  is  known  of  any  large  discharge  of 
lavas,  and  no  mention  is  made  of  accompanying  earthquakes. 

*The  Gk>YenimeDt  map,  as  stated  upon  it,  is  only  a  preliminary  map,  part  of 
the  survey  being  still  incomplete. 

f  Goodrich,  this  Journ.,  xxv,  201,  1834,  letter  of  Nov.  17,  1832. 
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The  outbreak  of  Kilauea  in  1832  occurred  about  the  sac 
time,  but  possibly  a  few  months  later  (xxxiii,  445,  1887  ai 
XXXV,  15,  1888). 

1834,  Jarmiary  29th. — Mr.  David  Douglas,  the  naturalif 
who  was  the  first  to  ascend  Mt.  Loa,  describes  the  crater, 
his  Journal,*  as  having  great  chasms  in  the  bottom  that  1 
could  not  fathom  "with  a  good  glass  and  the  air  clear  ( 
smoke :"  and  says  further  :  tnat  "  the  depth  to  the  bottom  o 
the  east  side  was  by  an  accurate  measurement  with  a  jifae  an 
plummet,  1270  feet;'*  that  the  southern  part  of  the  crate: 
"  where  the  outlet  of  the  lava  had  evidently  been,  must  liav 
enjoyed  a  long  period  of  repose."  He  mentions  hearing  ligl 
hissing  sounds  from  fissures  in  the  summit  that  might  "  pe: 
haps  be  owing  to  some  great  internal  fire  escaping."  He  add 
''  There  is  little  to  arrest  the  eye  of  the  naturalist  over  th 
great  portion  of  this  huge  dome,  which  is  a  gigantic  mass  c 
slag,  scoriae  and  ashes." 

1841,  January. — Captain  Wilkes  was  at  the  summit  durin 
the  latter  part  of  January,  1841.t  Lieutenant  Eld,  by  takin 
angles  from  the  bottom  of  the  crater,  made  the  western  wa 
784  feet  high,  and  the  eastern,  470  feet.  The  only  sign  c 
activity  was  the  escape  of  steam  and  sulphur  gases  from  man 
deep  fissures  over  the  bottom,  especially  on  the  west  sid^ 
The  fissures  had  generally  a  N.N.E-S.S.W.  direction.  Thei 
was  one  cinder  or  scoria  cone  at  the  bottom,  according  to  D; 
Judd,  toward  the  southwest  side,  having  a  height  of  aboi 
200  feet.  Other  steam  cracks  were  observed  outside  about  tl 
pit  crater  of  the  south-southwest  end  ;  and  one,  which  the 
"designated  the  great  steam-crack,  led  from  the  top  of  tl 
mountain  a  long  distance  down  its  sides  toward  the  south ; 
and  a  great  depth  was  indicated  by  the  reverberations  from 
block  of  lava  which  was  dropped  into  it.  Small  driblets  ( 
lava  were  observed  along  some  of  these  fissures ;  indicatin 
feeble  ejections  at  the  very  summit.  In  Wilkes's  map,  ; 
shown  in  the  outline  copy  on  the  next  page,  seven  small  com 
are  faintly  represented  on  the  bottom  of  the  crater,  althoug 
the  descriptions  speak  of  only  one. 

1843,  January. — In  January  of  1843  began  one  of  tlie  gre 
outflows.  It  continued  for  about  six  weeks.  Clouds  above  c 
the  9th  made  the  first  announcement  to  the  people  of  tl 

•Companion  of  the  Bot  Mag.,  ii,  175,  1836,  and  in  a  letter  to  Capt.  Sabii 
dated  May  3,  1834,  Joum.  Qeogr.  Soc,  iv,  333,  1834.  See  this  Jour.,  xxxiii,  4i 
437,  1887,  on  the  letter  to  Dr.  Hooker  and  the  evidence  against  it. 

f  Narrative  of  the  Exped.,  iv,  152,  156,159.  The  descriptions  of  the  crai 
are  from  descents  made  into  it  by  Dr.  Judd  of  Honolulu  (on  p.  152)  and  Lie 
Henry  Eld  (on  p.  156).  Wilkes's  map  has  its  longer  diameter,  through  soi 
mistake,  nortb-and-south  in  direction. 
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inds.  Dnring  the  following  iiieht,  according  to  Dr.  L. 
idrewe,*  a  bmliant  light  appeared  at  the  summit,  lookicg, 
Mr.   Coan  states,  like  "  a  small  beacon  fira"t     In  a  week 


after  Wilkes,  Jaauary,  ISll. 


e  light  disappeared.  In  the  mean  time  the  lavas  had  com- 
enced  their  discharge.  Mr.  Coan  ascended  to  the  source, 
•cot  13,000  feet  up,  and  found  two  large  craters  near  together, 
iry  deep  and  active.  The  Bource  given  on  the  map  is  at  least 
HX)  feet  lower.  The  stream  of  lava  flowed  toward  Mt,  Kea, 
It  gave  off  a  westward  branch,  toward  Hualalai,  near  its 
urce.  At  the  base  of  ML  Kea,  a  branch  went  northward 
ward   Wairaea,    and  another  eastward  toward    Hilo.      Mr. 

•  Andrews,  Miesioimrj  Herald,  ixxiz,  381,  letter  of  Feb.  6,  1S43. 

fCoan,  ibid.,  iiili,  IGJ,  letter  of  Feb.  20,   1843;  il,  44,  letter  ol  April  6: 

B  Journal,  U,  iirii,  411,  1859;  Life  ia  Hawaii,  1882,  p.  270. 

kn.  JouB.  Soi.— Thibs  Sebibs,  Vol.  XXXTI,  No.  211.— Jitlt,  itiss. 
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Coan  states  that  over  the  crusted  surface  of  the  stream  were 
many  steaming*  openings  20  to  60  feet  broad,  down  which  he 
saw  the  lavas  rushing  along  the  tunnel-like  way,  '^  with  awful 
speed,  some  fifty  feet  below  us ;"  large  stones  thrown  on  the 
surface  were  carried  "instantly  out  of  sight  before  sinking 
into  the  stream."  The  action  was  much  diminished  in  six 
weeks,  but  was  "  still  somewhat  vehement  at  one  or  two  pointa" 
Mr.  Andrews  states  that  during  the  progress  of  the  eruptioii 
Mr.  Wilcox  visited  Kilauea  and  found  no  signs  of  sympatny. 

1849,  May, — A  brief  notice  of  brilliant  fires  at  the  summit 
crater  in  the  month  of  May,  1849,  is  contained  in  a  letter  of 
Mr.  Coan's,  dated  January,  1853.  He  says,  that  the  light  was 
first  noticed  after  the  extraordinary  activity  in  Kilauea.  "  I 
cannot  say  that  they  were  coincident."  For  two  or  three 
weeks,  a  brilliant  and  lofty  column  of  light  was  seen  over  the 
mountain.  There  is  no  reported  evidence  as  to  any  surface 
outflow  of  lavas,  and  none  of  an  earthquake.* 

1851,  Aug.  8. — A  short  flow  commenced  at  this  date  a  few 
miles  west  of  the  summit.f  From  Hilo,  a  column  of  clouds 
was  seen  by  day,  which  was  fiery  by  reflection  at  night.  The 
eruption  continued,  as  far  as  could '  be  seen  from  Hilo,  only 
three  or  four  days.     No  earthquake  was  reported. 

Mr.  Wm.  T.  Brigham  in  1864  visited  the  flow,  and  states  j; 
that  the  outbreak  of  1851  occurred  about  1000  feet  below  the  sum- 
mit "  or  200  feet  below  the  bottom  of  the  crater."  He  estimated 
the  length  of  the  stream  at  "  ten  miles  and  the  average  breadth 
less  than  a  mile,"  and  the  volume,  ''  160  million  cubic  yards  of 
lava."  "  The  greater  part  is  the  pahoehoe,  although  some  aa 
occurs."  The  course  was  westward,  near  that  of  an  old  stream 
toward  Kealakekua. 

1852,  Feb.  17. — One  of  the  greatest  of  the  Mt.  Loa  erup- 
tions began  on  the  17th,  only  six  months  after  tlie  eruption  of 
1851,  as  if  its  supplement.  The  place  of  outbreak,  according 
to  Mr.  Coan,§  was  on  the  north  side  of  the  summit,  near  that 
of  1843.  When  first  seen,  the  light  looked  like  "a  planet  just 
setting  "  over  the  top  of  the  mountain.  In  a  few  minutes  the 
whole  summit  was  brilliant,  and  Hilo  also ;  and  a  stream  of 
lava  commenced  its  flow  down  the  mountain.  Forty  hours 
later  the  fires  had  apparently  become  extinct. 

After  three  days,  on  the  20th,  the  chief  flow  began  at  a  point 
on  the  eastern  side  about  10,000  feet  above  the  sea-level,  near 

*  Coan,  this  Journal,  II,  xii,  82,  1851.  letter  of  January,  1851. 
tCk)an,  this  Journal,  II,  xiii,  395,  1862,  letter  of  October  1,  1851;  and  D.  D. 
Baldwin,  ibid.,  p.  299,  from  "Polynesian"  of  Aug.  23,  1851. 
1  Volcanoes  of  the  Hawaiian  Islands,  4to,  1868,  p.  389. 
I  Coan,  this  Jour.  II,  xiv,  106,  219,  1862;  Life  in  Hawaii,  p.  279. 
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the  terminuB  of  a  line  of  fissures  leading  down  from  the  place 
*  of  the  first  outbreak.  The  escamng  lavas  rose  at  first  in  a 
lofty  fountain^  and  then  flowed  eastward  for  twenty  miles. 
On  the  27th,  Mr.  Coan  reached  the  place  of  the  fountain  ap- 
proaching it  on  the  windward  side  within  200  feet.  He  found 
the  lavas  playing,  as  he  states,  to  a  height  of  400  to  500  and 
700  feet,  by  angular  measurement,  in  ever-varying  forms  of 
towers,  pyramids  and  spires,  and  with  variations  also  in  colors 
from  wnite  heat  at  base  to  red  above  and  then  to  grayish  red 
and  gray. 

Great  volumes  of  lava  were  ascending  and  descending,  not 
intermittently  but  continuously ;  and  the  "  surging,  roaring, 
booming  "  sounds  were  almost  deafening,  but  witliout  earth- 
quake irom  beginning  to  end.  Ashes  and  capillary  glass  fell 
in  the  streets  of  Hilo.  The  stream  stopped  about  ten  miles 
from  the  village.  The  grand  eruption  was  in  blast  only  twenty 
days.     All  this  time  Kilauea  was  quiet. 

In  July,  Mr.  Coan  ascended  again  to  the  crater  or  place  of 
discharge*  and  found  the  fires  extinct.  He  says,  a  kind  of 
"  pumice  "  was  abundant  and  widely  scattered ;  "  we  found  it  ten 
miles  from  the  crater,  and  it  grew  more  and  more  abundant 
till  we  reached  the  cone,  where  it  covered  the  whole  region  to 
a  depth  of  five  or  ten  feet." 

An  ascent  to  the  active  fires  was  made  early  in  March  by 
Mr.,H.  Kinney t  and  Mr.  Fuller.  Mr.  Kinney,  speaking  of 
the  sounds  from  the  cataract  of  liquid  lavas,  says :  ''  its  deep 
unearthly  roar,  which  we  began  to  hear  early  on  the  day  be- 
fore, waxed  louder  and  louder  as  we  drew  nearer  the  action, 
nntil  it  resembled  the  roar  of  the  ocean's  billows  when  driven 
by  the  force  of  a  hurricane  against  a  rock  bound  coast,  or  like 
the  deafening  roar  of  Niagara."  This  description  attests  to 
the  fountain-like  character  of  the  discharge  ;  for  such  sounds 
do  not  come  from  flowing  lavas  unattended  by  earthquake  phe- 
nomena. Mr.  Kinney  made  the  height  of  the  jets  400  to  800 
feet  He  reports  also,  that  the  heat  created  terrific  whirlwinds 
which  stalked  about  like  so  many  sentinels,  bidding  defiance 
to  the  daring  visitor. 

Mr.  Fuller .  states,:}:  that  from  careful  calculations  made, 
"after  deliberate  discussion  with  Mr.  Kinney,"  "some  of 
which,"  he  says,  "  have  been  confirmed  by  a  somewhat  accu- 
rate measurement  by  Mr.  Lyman  of  Hilo,"  the  diameter  of 
the  crater  from  which  the  fountain  rose  was  about  1000  feet ; 
height  of  the  crater,  100  to  150  feet  ;  height  of  the  fountain, 

*  Coan,  ibid.,  xv,  63,  1853.    . 

fH.  Kinney,  this  Journal.  II,  xiv,  257.  1852,  from  the  "Pacific"  of  San  Fran- 
cisco of  June  19,  the  letter  dated  Waiohiuu,  Ilawaii,  April  19.  1852. 

X  FuUer,  this  Journal,  xiv,  p.  258,  1852,  letter  dated  Waiohinu,  March,  28. 
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200  to  700  feet,  and  rarely  below  300  feet ;  diameter  of  the 
fountain,  100  to  300  feet,  "  and  rarely  perhaps  reaching  400 
feet."  The  jet  of  fire  sometimes  shot  up  into  a  tapering  gothic 
spire  of  700  feet,  then  rose  in  a  grand  mass  300  feet  in  diam- 
eter, but  varied  at  top  with  points  and  jets  like  the  ornaments 
of  gothic  architecture.  He  adds  that  to  appreciate  the  most 
terrific  element  in  the  sublime  composition  you  should  stand 
at  the  foot  of  a  Niagara,  or  on  a  tempest-lashed  shore;  for 
"  the  force  necessary  to  raise  200,000  to  500,000  tons  of  lava 
at  once  into  the  air  would  not  be  silent  in  its  operation."  The 
lava  stream  is  stated  to  have  a  depth,  in  some  places,  of  200  or 
300  feet. 

1855,  Atig,  11. — During  the  evening  of  August  11,  a  glow- 
ing point  of  light  was  seen  at  a  height  of  12,000  feet  on  the 
northeast  slope  of  the  mountain.*  The  light  rapidly  extended, 
and  it  soon  became  evident  that  a  lava-stream  was  on  its  way 
down  the  mountain.  No  earthquake  had  announced  the  erup- 
tion. 

Mr.  Coan  ascertained,  through  his  excursions,  that  a  line  of 
fissures  extended  from  near  the  summ^it  for  five  miles  down 
the  northeast  side  to  the  place  of  outbreak,  along  which 
there  were  cones  of  volcanic  scoria  and  sand  100  feet  or  so 
high,  that  had  been  thrown  up  at  the  points  of  greatest  activ- 
ity. Descending  the  mountain,  the  cones  became  lower  and 
less  frequent,  and  were  the  ragged  jaws  of  orifices  through 
which  the  stream  of  lava  was  visible. 

The  place  of  outflow  was  a  crater  formed  over  a  fissure  two 
to  thirty  yards  wide.  The  lava  flowed  in  a  continuous  stream 
down  slopes  of  all  angles  from  less  than  one  degree  to  verti- 
cality.  The  course  was  eastward  like  that  of  1852,  and  it 
finally  stopped  within  five  miles  of  Hilo. 

Mr.  Coan  describes  the  tunnels  in  the  lava  stream,  and  speaks 
of  the  lavas  seen  through  openings,  as  moving  with  great 
velocity — ''  estimated  to  be  40  miles  an  hour."  Some  oi  the 
steaming  openings  were  30  to  200  feet  long,  and  the  flowing 
lavas  were  50  to  100  feet  below.  But  the  progress  of  the  front  oi 
the  stream,  where  were  obstructions  of  trees,  jungles,  depres- 
sions, etc.,  was  "slow — ^say  one  mile  a  week."  He  observes 
that  owing  to  the  cooling,  and  the  partial  damming  thereby 
along  the  front,  the  hardened  upper  stratum  was  raised  by  the 
descending  stream  into  numerous  tumuli  of  various  fonns  and 
sizes  as  if  by  pressure  from  above,  which  became  cones  or 
domes,  and  let  out  lavas  to  flow  over  the  surface  and  add  to  the 

♦Coan,  thia  Journal,  II,  xxi,  144,  139,  1856,  letters  of  Sept.  27  and  Oct  16, 
1855;  ibid.,  p.  237,  letter  of  Not.  15,  1855;  ibid.,  xxii.  240,  letters  of  Mardi7, 
1856 ;  ibid.,  xxiii.  435,  1857,  letter  of  Oct.  22,  1856 ;  Life  in  Hawaii,  p.  289. 
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thickness;  that  "upgushings"  also  occurred  through  fissures ; 
and  that  thus  layer  was  added  to  layer,  increasing  the  thickness 
from  a  few  feet  to  50  or  100,  and  also  retarding  the  progress 
of  the  stream.  One  dome  on  the  stream  was  100  feet  high 
and  300  in  diameter ;  and  through  the  fissured  top  and  sides 
the  liquid  lavas  were  visible,  and  easily  reached  by  the  pole  he 
had  for  measuring  the  thickness  of  the  cap — 2  to  5  feet. 
These  effects  were  especially  great  where  the  slope,  was  very 
small.  Pressure  of  the  lavas  above,  and  gases  or  vapors  from 
the  burning  of  trees  and  other  vegetable  matter  buried  by  the 
lavas,  are  made  the  causes  of  the  uneven  surface  of  the  lava 
stream. 

The  stream,  in  addition,  became  widened  by  the  lateral  out- 
gushings,  divided  into  a  number  of  channels,  and  shifted  to 
the  right  or  left.  After  flowing  freely  for  a  while,  the  stream 
often  suddenly  cooled  and  hardened  along  the  front  and  re- 
mained for  several  days  inactive ;  "  at  length,  immense  areas 
of  the  solidified  lava,  four,  five,  or  six  miles  above  the  extrem- 
ity, are  again  in  motion,  cones  are  uncapped,  domes  crack,  hills 
and  ridges  of  scoria  move,  immense  slabs  of  lava  are  raised 
vertically  or  tilted  in  every  direction." 

On  tne  22d  of  October,  1856,  the  stream  was  witlun  five 
miles  of  the  sea-coast  north  of  Hilo,  still  pushing  out  and 
sjpreading  itself.  Mr.  Coan  says  that  the  lavas  were  even  then 
nowing  in  the  tunnel-ways  from  the  place  of  outbreak  to  the 
lower  extremity  although  no  fires  were  seen — evidently  an 
opinion  rather  than  a  direct  observation.  He  argues  for  the 
absence  of  fissures  beneath  the  stream  for  the  supply  of  lava, 
from  the  absence  of  steaming  vents  and  cones.  After  15 
months,  in  November,  the  fires  ceased  action.  The  stream  in- 
cludes many  square  miles  of  aa  and  immense  fields  of  pa- 
hoehoe. 

1859,  Jan,  23. — Another  great  eruption  began  at  this  date. 
Prof.  "R.  C.  Haskell  (of  a  party  visiting  the  eruption  consisting 
also  of  Prof.  Alexander  and  I^resident  Beck  with)  reports*  that 
"  smoke "  was  seen  over  the  summit  from  Waimea  by  Mr. 
Lyons  of  that  place  on  the  23d.  In  the  evening,  lavas  were 
ejected,  and  the  light  was  bright  enough  at  Hilo,  35  miles  east, 
to  read  fine  print.  "  No  earthquake  was  felt  in  any  part  of 
the  island."  But  dead  fish,  apparently  parboiled,  were  found 
in  the  sea  to  the  northwestward,  both  east  of  Molokai  and  be- 
tween Molokai  and  Oahu. 

*  Haskell,  this  Journal,  xxviii,  66,284.  1850.  (the  latter  from  letter  of  June 
22);  xxix,  301,  1860,  letter  of  Nov.  5.  There  are  shorter  rep<>rts  by  Kditor  of 
Commercial  Advertiser  of  Oahu  and  Rev.  L.  Lyons.  il>id,  xxvii,  412,  1859;  and 
Coan.  ibid,  xxvii,  415,  letter  of  February  2,  1859,  aud  xxix,  302,  letter  of  Nov. 
26,  1869.     W.  L.  Green,  '*  Vestiges  of  the  Molton  Globe,"  1887,  pp   163.  270,  280. 
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The  stream  flowed  northwestward  by  the  northeast  foot  of 
Hualalai  and  reached  the  sea  on  the  31st  of  January  at  Wai- 
nanalii,  a  dozen  miles  south  of  Kawaihae,  a  distance  in  all  of 
33  miles  in  eight  days.  The  chief  source  was  probably  about 
10,500  feet  above  the  sea  level.  Above  this  point  for  four 
miles,  a  fissure,  two  inches  to  two  feet  wide,  descends  the 
mountain  from  which  some  lavas  escaped.  Several  cinder 
cones  stand  along  the  line  of  fissures,  and  two  of  them  near 
its  extremity.     Half  a  mile  farther  down  the  outflow  began. 

The  lavas,  ''  white  hot"  as  they  escaped,  were  thrown  at  once 
into  a  fountain,  as  at  the  1852  eruption,  the  height  of  which, 
according  to  M».  Vaudrey,  who  happened  to  be  on  the  moun- 
tain at  the  outbreak,  was  300  or  400  feet. 

On  the  9th  day  of  February,  the  issuing  lavas  were  "  at  a 
white  heat  and  apparently  as  liquid  as  water."  The  report 
says  that  the  stream  below  dashed  along  in  cataracts  and  rapids 
at  such  a  rate  that  "  the  eye  could  scarcely  follow  it."  For 
eight  to  ten  miles  there  was  a  succession  of  cascades  and 
rapids,  some  of  them  a  consequence  of  obstructions  met  on  the 
way  and  others  due  to  the  obstructions  which  the  stream  made. 
The  lava  flowed  more  gracefully  than  water  and  with  great 
velocity,  following  the  surface  beneath,  rising  as  it  rose,  and 
turning  abruptly,  with  the  outside  of  the  stream  higher  than 
the  inside,  the  mobility  being  perfect. 

Both  paJioefvoe  and  aa  were  formed.  The  aa  portions  are 
described  by  Prof.  Haskell  as  produced  by  deep  lava  streams ; 
streams  flowing  sluggishly  where  the  slopes  are  small ;  which 
become  dammed  up  in  front  by  the  cooling,  by  the  breaking 
up  of  the  cooled  barrier  and  crust,  and  by  the  rolling  over  and 
over  of  the  stream.  Often  at  the  end  of  the  aa  stream  no  liquid 
lava  can  be  seen,  and  the  only  motion  is  the  rolling  of  the 
jagged  rocks  of  all  sizes  down  the  front  of  the  embankment. 
Sometimes  it  breaks  through  the  embankment,  and  flows  on 
"carrying  jagged  rocks  of  all  sizes  on  its  back,  which  look  like 
hills  walking ;"  then  it  gets  clogged  again,  with  finally  a 
repetition  of  the  process  of  breaking  up  and  piling. 

The  stream  after  reaching  the  seashore  continued  flowing 
into  the  sea  till  after  the  25th  of  November.  The  surface  oi 
the  stream  was  of  black  hardened  lavas ;  but  at  the  sea-border, 
the  liquid  lavas  ran  out  at  a  red  heat,  having  flowed  under 
cover,  Prof.  Haskell  states,  for  at  least  25  miles,  if  not  from 
the  source. 

According  to  Mr.  W.  L.  Green  the  column  of  vapor  that 
rose  from  the  orifice  or  crater,  along  side  of  which  nis  tent 
was  pitched,  was  500  feet  wide  and  10,000  feet  high.  He  says, 
"  From  the  whole  interior  of  the  crater  rose  the  great  illumi- 
nated column  of  smoke  perpendicularly,  and  then  at  a  great 
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height  in  the  atmosphere  it  spread  out  on  all  sides."  It  con- 
tinned  for  many  weeKS,  but  ceased  before  the  flow  was  ended. 
The  lava  appeared  to  have  broken  out  at  the  intersection  of 
two  fissures.  Over  the  surface  in  the  vicinity,  there  was  a 
thick  deposit  of  "pumice"  or  "^lass-foam."  The  top  of  the 
mountain  at  the  time  was  covered  with  snow — a  source  of  per- 
colating water.  While  he  was  near  the  stream,  on  the  plain 
between  Loa,  Kea  and  Hualalai,  loud  explosions  were  heard  all 
night  long,  like  the  reports  of  heavy  cannon." 

Mr.  Green  also  states,  from  his  observations,  that  at  the  sea- 
shore, it  ran  over  a  low  shelf  about  ten  feet  high  and  perhaps 
500  or  600  feet  wide  and  fell  into  the  sea  where  the  water  was 
20  or  30  feet  deep.  "  It  came  from  under  the  crust  in  great 
red-hot  flattened  spheroidal  masses,  having  something  the  ap- 
pearance of  moderately  thick  porridge  as  it  is  poured  from  a 
saucepan — the  spheroidal  masses  perhaps  10  to  15  feet  wide 
and  4  to  6  feet  deep  "  "  There  was  no  steam,  vapor  or  jjas 
whatever  to  be  seen  coming  from  the  lava  until  it  went  imder 
water.  Indeed  the  first  contact  of  the  red-hot  spheroids  did 
not  seem  to  produce  a  particle  of  steam,  and  it  was  only  when 
each  had  gone  under  water  and  become  partially  cooled  off 
that  a  puff  of  steam  rose  above  the  water" — "an  effect  due  to 
the  spheroidal  state  of  the  water  against  the  red-hot  surface." 

No  sympathy  was  exhibited  by  Kilauea.  Mr.  Coan  says 
'*  we  have  occasional  earthquakes :  two  in  February,  one  m 
July  and  two  in  November  of  the  current  year  (1859)." 

In  June,  according  to  Prof.  Haskell,  there  was  no  action  in 
the  summit  crater. 

1864,  August  5. — Mr.  W.  T.  Brigham  found  the  summit 
crater,  at  this  date,*  without  any  signs  of  action  excepting 
some  "  steam  issuing  from  the  northern  bank."  There  were 
two  cones  at  b«)ttom,  about  200  feet  high,  near  the  east  side. 
He  also  observes  that  in  various  places  over  the  great  plain 
about  the  crater  there  "  were  large  irregular  masses  of  a  solid 
reddish  clinkstone,  much  used  for  stone  axes,"  and  speaks  of 
the  "  hard  compact  graystone  of  the  summit  and  walls." 

1865,  December  30th. — Light  was  seen  "  at  the  very  sum- 
mit," on  the  night  of  the  30th  of  December.f  It  continued, 
with  variations  in  intensity,  sometimes  very  brilliant,  at  others 
faint  or  gone,  for  four  months,  or  until  the  last  of  April,  or 
perhaps  into  May.  Mr.  Richardson,  proprietor  of  the  Volcano 
Uonse,  reported  the  occasional  escape  of  steam,  but  no  out- 
flow of  lava  is  known  to  have  occurred.     '*  The  falls  of  snow 

*  Memoir,  p.  384. 

f  Coan,  this  Journal,  IF,  xli,  424,  1866,  letter  of  Feb.  27,  1866;  and  xliii,  264, 
1867,  letter  of  August  31,  1^66. 
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on  the  mountains  this  winter  have  been  frequent  and  heav; 
extending  almost  to  their  bases."  No  earthquakes  were  r 
ported-  "Ab  it  was  winter,  no  one  ascended  the  *  mountain. 
In  May,  a  great  increase  of  activity  began  in  Kilauea. 

1868,  March  27th. — On  March  27th,  Friday,  many  sligl 
earthqaakes  were  felt  in  Kan,  southern  Hawaii,  and  in  Kon 
the  southwestern  district.  On  the  28th  thev  were  more  ene 
getic  and  frequent,  and  extended  east  to  Hilo,  and  northwai 
through  Kona.  Mr.  T.  D.  Paris,  of  Kealakekua,  south  Kon 
reports*  that  on  the  morning  of  Friday,  fire  and  great  colurai 
oi  "  smoke  "  were  seen  at  the  summit ;  and  on  Saturday  the  28t 
the  fires  were  visible  from  Hilo,  according  to  Mr.  Coan.f  Al 
F.  S.  Lyman  reports,  from  Kau,  that  the  first  outbreak  wae 
little  to  the  southwest  of  the  summit ;  that  others  followe 
and  soon  the  lavas  were  seen  in  four  streams  running  do\^  t] 
mountain  in  a  southerly  and  easterly  direction.  By  Sundi 
(the  30th)  the  line  of  smoke  had  advanced  about  15  miles  < 
a  line  toward  Captain  Brown's  house  in  Kahuku ;  but  tl 
light  of  the  summit  had  disappeared ;  it  was  not  seen  at  Hi 
after  the  28th.  During  this  time  the  earthquakes  became  st 
more  violent  and  destructive,  and  almost  continuous.  C 
Thursday,  April  2d,  at  4  P.  M.,  occurred  "  the  terrible  shock 
destroying  houses  and  life,  making  fissures  of  great  length  ai 
depth,  dislodging  rocks  and  half  a  mile  in  breadth  of  marsl 
earth  from  the  mountain  side  of  Kapapala,  to  the  destructi< 
of  a  native  village,  besides  raising  earthquake  waves  on  t 
southern  coast,  that  swept  away  the  villages  of  Punaluu,  I^ 
nole,  Kawaa  and  Honuapo.  The  position  of  the  land-slide 
shown  on  the  map  of  Hawaii,  Plate  I.  It  was  also  viole 
to  the  eastward  in  Hilo,  the  only  stone  building  being  throv 
down,  and  furniture  in  other  houses ;  but  so  light  on  Oah 
200  miles  to  the  westward,  that  most  of  the  inhabitants  • 
Honolulu  were  unaware  of  it,  those  in  stone  houses  beir 
almost  the  only  persons  that  felt  it. 

On  the  7th  of  April,  the  lava  escaped  from  a  wide  fissure 
the  district  of  Kahuku.     Along  this  fissure,  in  the  course  of 
mile,  the  escaping   lavas  were   thrown   into   four   fountair 
which  were  playing  on  the  10th,  when  the  place  was  visitc 
by   Mr.  H.   M.   Whitney,  of   Honolulu.      According   to  th 
writer's  description,  the  fountains  rose  to  a  height  of  500 
600  feet,  along  the  line  of  the  fissure  for  a  mile.     The  lav 
were  "  blood-red,  yet  as  fluid  as  water."      Sometimes  two 
the  fountains  joined,  and  then  all  four  were  united.     At  oi 
time  they  subsided   for  a  few  minutes,  and  then  burst  o 

♦  Paris,  this  Journal,  II,  xlvi,  107,  18G8. 

t  Coan,  ibid.,  p.  106;  F.  S.  Lyman,  ibid.,  p.  109;  H.  M.  Whitney,  ibid.,  p.  1 
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again  and  went  to  a  height  of  1000  fefet.  Large  stones  and 
rocks  were  thrown  up,  some  weighing  100  tons ;  and  so  many 
that  they  seemed  to  fill  the  air.  The  lava  of  the  fountains  is 
stated  to  have  had  a  rotation  "to  the  south."  Below  the 
fountains,  the  lava  flowed  in  a  rapid  stream  to  the  sea,  making 
adescent  of  2000  feet  and  reaching  the  shore  in  two  hours. 
The  rate  of  flow  is  stated  to  have  been  10  to  25  miles  an  hour.* 
A  cinder  or  tufa  cone  was  made  at  the  place  of  discharge  into 
the  sea,  which  was  first  an  island,  and  afterward  became  joined 
to  the  land  by  the  flowing  lava.  The  eruption  ceased  in  the 
night  between  the  11th  and  12th,  after  only  five  days'  activity. 
The  lava  is  mostly  pahoehoe,  with  some  areas  of  aa,  and  ex- 
tremely chrysolitic.  At  the  crack  above  the  main  outburst, 
the  lava  which  escaped  was  light  brownish  scoria,  which  was 
drifted  by  the  winds,  along  with  much  capillary  glass.  The 
season  was  one  of  unusual  rains  over  the  mountain. 

Prof.  C.  H.  Hitchcock  examined  the  region  of  eruption  in 
June  of  1885,  both  above  and  below  the  extremity  of  the  pali 
(precipice)  represented  on  the  map  by  the  west  side  of  the 
lava-stream.  He  states  the  following  facts  in  a  letter,  of  May 
^0, 1888,  to  the  author.  The  fissure  whence  the  lavas  of  1868 
flowed  "  is  in  exact  continuation  of  the  pali,  up  the  mountain. 
I  traced  it  fully  three  miles.*  For  much  of  the  way  it  makes  a 
narrow  caQon  40  or  50  feet  wide  at  tlie  maximum,  and  so  deep 
that  it  is  dangerous  to  explore  it.  In  the  lower  part  heat  was 
still  evident.  The  fissure  is  most  prominent  where  the  lava  is 
in  greatest  amount.  Its  borders  have  the  smoothed  appearance 
that  would  result  from  an  outflow  of  lava  over  its  edge.  The 
very  uppermost  point  reached  we  estimated,  from  our  aneroid, 
to  be  3100  feet  above  Mr.  Jones's  ranch  near  the  north  end  of 
the  pali.  There  is  no  cone  at  that  point,  as  there  is  at  the 
sources  of  the  1855  and  1881  flows  which  I  also  visited.  Every 
fact  harmonizes  with  the  view  of  a  rent  three  miles  long,  allow- 
^g  the  accumulated  lava  to  discharge  in  one  or  two  days'  time, 
^stead  of  oozing  out  of  a  single  small  orifice  for  montha  The 
^nnection  of  the  fissure  with  the  pali  shows  clearly  the  exist- 
^'^ce  of  a  fissure  along  its  whole  length,  which  has  been  the 
^t  of  eruptions  in  ages  past.  This  Kahuku  flow  was  analo- 
gous to  that  of  Kilauea  in  1840. 

1870,  January  1. — During  the  first  two  weeks  of  January, 
^uch  "eteam  and  smoke"  arose  from  the  summit  crater. f  In 
the  course  of  the  preceding  month.  Judge  Hitchcock,  of  Hilo, 
^^h  others,  visited  this  crater  and  found  much  escaping  steam, 

y    ^aci6c  CommerciHl  Advertiser  of  May  9th,  1868.      See  also  W.  L.  Green's 
'^estiggg  of  a  Molten  Globe,  pp.  294-303.     Mr.  Green  does  not  intimate  that  Mr. 

^^toey's  description  is  exagf^erated. 

*  Coan,  this  Journal,  xlix,  393,  1870,  letter  of  Jan.  24,  1870. 
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>iit  no  visible  fires.     Slight  sliocks  of  earthquakes  often  oi 
iurred,  sometimes  one,  two  or  three  a  day, 

1870. — Mr,  Severance  (as  I  learn  from  Eev.  E.  P.  Baker,  ( 
Silo)  was  at  the  summit  crater  in  1870,  and  fonnd  no  actio 
iere. 

187:2,  Ant/ust  10.— On  the  night  of  the  10th  of  Aaftnst,Bi; 
tf r,  Ooan,*  "  a  lofty  pillar  of  Tieht,"  2000  feet  high— whw 
neans  lighted  vapors  of  this  heiglit — stood  over  the  snmni 
irater,  with  varying  brilliancy,  indicating  active  fires  withi 
The  crater  was  "  in  full  blast  on  the  27th,"  and  continned 
nto  September.  On  the  23d  of  August  a  tidal  wave  was  f* 
>ii  the  coast  at  Elilo,  the  waters  during  a  calm  rising  four  fw 
md  in  a  second  wave,  six  minutes  later,  three  feet,  and  dimi 
shiug  for  about  fourteen  oscillations.  It  may  have  been  pi 
>f  the  Mt.  Loa  disturbance ;  but  Kilauea  also  was  unusual 
ictive  over  its  interior.  No  earthquake  is  repoited.  The  I 
lific  Commercial  Advertiser  of  Sept.  21stt  reports  on  au  asce 
o  the  summit  made  just  before  this  date.'  Near  the  sont 
vest  comer  of  the  crater  there  was  a  fountain  of  lava  about ' 
eet  in  diameter,  playing,  it  is  stated,  to  a  height  of  500  fo 
The  basin  fi'om  which  it  rose  covered  about  a  third  of  the  bi 
om,  and  was  at  the  top  of  a  low  cone  made  by  the  falling 
'as. 

\S7A,  Januari/ 6i/i  and  lih.—On  the  6th  of  Jannarj-,  t 
iction  at  the  summit,  as  seen  froui  EliIo,  was  "marvelons 
)rilliant,"  the  lighted  vapors  visible  at  night  rising  thousan 
if  feet  above  the  summit^  There  was  evidence,  apparent 
if  active  ebullition  or  a  playing  fmintain;  and  this  conclusi 
8  favored  by  the  fact  lihat  the  herdsuion  of  Keed  and  Ricliai 
on's  ranch,  at  Ainapo,  on  tlie  eastern  slope  (4200  feet  abo 
he  sea),  stated  that  the  mountain  was  "constantly  quiverii 
ike  a  boiling  pot.''  The  action  suddenly  ceased,  without  a 
cnown  outflow;  the  time  of  ending  the  display  is  not  nu 
ioned.  Kilauea  had  been  veiy  actlve-for  montlis.  No  ear 
|uake  is  spoken  of,  and  no  sympathy  with  Kilauea  implied. 

1873,  1874.  April  20,  1873,  to  autumn  of  1874.— T 
>rilliant  summit  (lisplay  of  Jannary  was  followed  on  Af 
!0tb,  three  months  later,  by  a  return  to  activity,  or  toa^ 
p«e  of  activity  that  was  visible  from  Ililo.      Mr.   Coan  i 

ersi'.^  t;lmt  tin-  Itjftv  cohiinns  of  light  above  tlic  summit 
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light,  and  of  clouds  by  day  were  proof  of  violent  ebullition 
ntbin  the  crater. 

On  the  6th  of  January,  1874,  Mr.  Coan  writes*  that,  for  nine 
nonths,  the  action  within  the  great  ci'ater  has  not  remitted. 
"The  great  marvel  is  its  duration,"  without  any  outside  results. 
There  appears  to  have  been  a  turn  of  special  brilliancy  in  Jan- 
nary.  On  the  following  October  (the  6th),  he  saysf  the  action 
has  continued  "  for  eighteen  months,  and  the  most  of  the  time 
it  has  been  violent.  But  of  late  it  has  become  more  quiet,  and 
there  is  a  prospect  that  it  will  soon  cease."  He  adds,  "  we 
lave  had  lew  earthquakes  during  the  year,  and  these  have 
herafeebla"  "Kilaueaall  this  time  was  unusually  active;" 
but  no  sympathy  with  Mt.  Loa  was  observed. 

1873,  June  6. — It  is  of  great  importance  to  the  history  that 
we  happen  to  have  trustworthy  reports  with  regard  to  the 
condition  of  the  summit  crater  on  one  of  the  days  during  this 
era  of  prolonged  activity.  And  as  it  was  a  day  of  feeble  sum- 
mit light  as  seen  from  below,  it  affords  data  for  an  estimate  as 
to  the  condition  during  times  of  greater  brilliancy.  The  ex- 
plorer, Miss  Bird,:}:  was  at  the  summit  on  the  6th  of  June,  and 
describes  well  the  condition  of  the  crater.  For  the  most  part 
itafloor  was  an  area  of  solid  black  lava ;  but  at  one  end  (the  south- 
west ?)  there  was  "a  fountain  of  yellow  fire"  150  feet  broad, 
which  played  in  several  united  but  independent  jets  to  a  height 
of  150  to  300  feet.  The  party  for  the  two  davs  preceding  had 
been  under  the  impression  that  the  fires  had  faded  out ;  and 
yet  this  fire-fountain  was  all  the  time  in  action.  When  within 
two  miles  of  the  crater  monitions  of  the  activity  were  appar- 
ent in  a  distant  vibrating  roar  :  and  on  reaching  the  crater  cage, 
tne  roar  was  like  that  of  an  ocean,  rising  and  falling  '*  like  tne 
thunder-music  of  windward  Hawaii  " — a  comparison  used  also 
by  Mr.  Kinney  in  describing  the  eruption  of  1852.  (p.  19.) 
At  night  the  lake  was  the  most  part  at  white  heat,  and  its 
snrface  was  agitated  with  waves  of  white  hot  lava  about  the 
fountain  at  the  center.  Through  the  rest  of  the  vast  crater  the 
projecting  ledges  were  thrown  into  bold  relief  by  the  reflected 
%ht,  ana  by  numerous  dashes  and  lines  of  fire  from  apertures 
yiid  crevices.  Occasional  detonations  were  heard,  but  no  shak- 
JBgB  except  the  tremors  from  the  throw  and  fall  of  the  lavas. 
At  one  time  the  jets,  after  long  playing  at  a  height  of  300 
feet,  suddenly  became  quite  low,  and  for  a  few  seconds  there 
veie  "cones  of  fire  wallowing  in  a  sea  of  light ;"  a  description 
^not  only  reads  well,  but  I  feel  sure  is  to  the  life,  like  the 

.  •Oow,  tbig  Journal,  III,  vii,  516,  1874,  letter  of  Jan.  6. 

iWd.,  viii,  467,  1874,  letter  of  Oct.  6,  1874:  and  xiv,  68,  1877,  letter  of 
18T7. 

in  the  Sandwich  Islands,  hy  Isabella  L.  Bird,  London,  1876. 
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fi'll  ovi»r  IIil(».  Acconlin^  to  reports  from  Puna  and  Kan, the 
action  had  not  (mmiklmI  by  May  6tn.  Mr.  Brigham  reports* ihit 
IiIh  iruidc  wan  at  tlie  summit  at  the  time  and  saw  boiling hn 
in  tlu^  Houth  (*rat(T ;  aTid  tliat  the  top  of  the  jets  were  visibk 
to  the  native  wliiU*  In*  wan  lying  down  some  distance  from  the 
brink;  which  wouhl  make  tlie  height  of  the  jets,  Mr.  Brig- 
ham  Kavs,  l.tMM»  foot.  As  tht»  depth  of  the  crater  was  not  over  80(» 
tVct,  ins  estimate  is  pn»bably  tcny  high.  Mr.  Goodale,  one  of  the 
party  \vln»  ascended  at  that  time,  ivported  (as  Mr.  E.  P.  Baker 
w  rites  me)  that  tlie  hivas  were  thrown  60  or  80  feet  above th€ 

m 

brink  ot'  tlie  crater  (»n  wliich  the  party  were  standing;  and 
this  conlirms  the  report  of  tlie  native  guide  and  makes  the 
Iieii^lit  of  tlie  fountain  nearly  IMR)  feet. 

ISSO,  Ju/f/  'JS.  \\  this  date,  ^Ir.  W.  T.  Brigham  found  the 
cr;»ter  without  activMi  a>  stated  in  hiss  paper  on  page  35.  The 
walls  were  much  tissured  about  the  southern  pit;  fresh-looking 
laxas  eo\ered  the  bottom:  aiul  a  small  area  was  seen  on  the 
\\e>i  border  ot  the  pit,  which  was  probably  of  recent  ejection. 
Moveoxer,  about  the  ivgion  around  the  crater  there  was  mnch 
ot  the  spoiic:x  M'oria,  some  masso>  a  foot  in  diameter. 

l*^*^v\    N"    '.  .*»  To  A-.  \iK  1  SSI,  nine  months. — Xo" violent 
•:s:'v.:^»v.>  ov  e.nrluruake  **  aTinouiu^Hl  the  great  eruption. 
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SLilo,  or  about  26  miles  long ;  in  7f  months,  June  28,  within  5 
:  iBQilefi;  in  8^  months,  July  18,  about  2  miles ;  and  August  10, 
"1^  months  after  the  outflow  began,  it  stopped  within  three- 
lourths  of  a  mile  of  Hilo.  On  June  30th,  tn^  movement,  just 
l)eyond  the  Hilo  tufa  hills  (the  Halai  Hills)  was,  as  stated  by 
Mr.  D.  H.  Hitchcock,  about  75  feet  an  hour. 

In  a  communication  to  the  Commercial  Advertiser  for  Novem- 
l)er  20th,*  the  formation  of  the  aa  or  clinker  fields  is  described 
«8  follows  by  Judge  Hitchcock.  *'  The  whole  broad  front  of 
the  then  sluggish  stream  was  a  mass  of  solidified  lava  twelve 
to  thirty  feet  m  height,  moving  slowly  along  by  breaking  and 
bearing  onward  the  crusted  covering ;  along  the  whole  line  of  its 
advance  it  was  one  crash  of  rolling,  sliding,  tumbling,  red-hot 
itKjk,  no  liquid  rock  being  in  sight ;  there  were  no  explosions, 
but  a  tremendous  roaring,  like  ten  thousand  blast  fumances  all 
■at  work  at  once.  The  rough  blocks  lie  piled  together  in  the 
'Wildest  confusion,  many  as  large  as  ordinary  housea  They 
[clinker-fields]  form  only  when  tlie  movement  is  slow." 

1882. — In  this  year  (the  month  not  stated)  Capt.  C.  E.  Dut- 
ton  made  his  visit  to  the  summit  (Report,  page  139).  He 
found  "  no  volcanic  action  whatever,"  "  not  even  a  wisp  of 
steam  issuing  from  any  point ;"  and  he  makes  no  mention  of 
any  cinder  cone  at  the  bottom. 

February^  1883. — Prof.  C.  H.  Hitchcock  was  at  the  summit 
on  the  15th,  and  found  no  activity.  ''  A  snow  squall  struck 
us,  and  the  entire  floor  of  the  crater  was  white  with  snowJ*^ 

1885. — In  April,  1885,  Rev.  E.  P.  Baker  visited  the  crater 
and  descended  to  its  bottom.  It  was  all  quiet.  In  September 
and  October  of  1885,  Rev.  J.  M.  Alexanaer  made  a  survey  of 
the  summit  crater,  for  the  Government  survey,  as  describeu  on 
a  following  page.  At  the  summit  around  the  crater,  for  a 
breadth  of  a  fourth  of  a  mile  he  observed  many  blocks  from 
50  pounds  to  a  ton  in  weight  of  a  "  solid,  flinty  lava."  The 
bottom  of  the  crater  was  mainly  flat  with  fresh  lavas,  and  had 
two  cones  in  it  as  represented  on  the  map,  the  southwestern 
140  feet  high  and  smoking;  steam  was  rising  from  numerous 
cracks  but  no  fires  were  visible. 

1887,  Jamia7y  and  Februa7^y. — In  December,  1886,  earth- 
quakes began  to  be  frequent  in  southwestern  Hawaii,  and  in 
increasing  numbers  and  violence  ;  by  the  12th  of  January  they 
averaged  three  a  day.  Between  2"^  12'  a.  m.  of  Jan.  17  and 
4^  A.  M.  of  the  18th,  314  shocks  were  counted  in  Kahuku  by 
Mr.  George  Jones,  67  between  the  latter  date  and  midnight, 
and  3  the  following  day.  In  Hilea,  ten  miles  west,  618  were 
counted  between  2  a.  m.  of  the  16th  and  7  P.  M.  of  the  18th. 

♦  Hitchcock,  ibid.,  xxii,  228.     Commercial  Advertiser. 
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On  the  night  of  the  16th,  with  the  sudden  increaf 
earthquakes,  nres  broke  out  at  the  summit  near  the  smi 
south  of  the  summit  crater  (Pohaku  o  Hanalei,  plate 
in  a  few  hours  disappeared.  The  height  of  the  outl 
cording  to  Mr.  E.  P.  Baker,  was  11,500  feet  On  the 
7  A.  M.,  three  hours  after  the  cessation  of  the  earthoi 
outbreak  took  place  in  Kau,  north  of  Kahuku.  T 
came  from  a  fissure  about  6,500  feet  above  the  sea-1 
26  miles  from  the  sea,  and  reached  the  sea  at  noon  on  1 
nearly  four  miles  west  of  the  flow  of  1868.  It  extei 
shore  outward  300  to  500  feet  without  making  a  cin 
on  the  sea-border.  Bv  noon  of  the  24th  the  flow  had 
but  the  fires  were  still  active  along  the  stream. 

At  the  outburst  the  lavas  were  thrown  up  into  fo 
about  80  feet  in  diameter,  and  80  to  100  in  height.  Tl 
photographed  ;  and  two  of  the  views,  representing  t 
part  01  the  stream  and  one  fountain,  are  shown  on  j 
Mr.  Spencer,  who  visited  the  source  on  the  20th,  sts 
there  were  fifteen  fountains  and  that  the  highest  was  2 
others  make  the  height  not  over  half  this  amount  Th 
is  stated  to  have  flowed  away  bearing  bowlders  weigh: 
with  explosions  at  intervals.  .  The  lava  was  mostly  o: 
kind. 

The  earthquake  in  Kau  threw  down  walls  that  had 
east  and  southwest  direction,  the  throw  was  to  the  so 
and  light  wooden  houses  were  moved  8  or  10  incha 
same  direction  or  down  the  slope. 

On  February  20th,  Mr.  D.  W.  Hitchcock  was  at  the 
and  found  vapors  issuing  from  large  fissures. 

Kilauea  was  moderately  active  during  the  period  of  c 
rather  increasing  in  activity  with  its  progi*ess,  but 
evincing  special  disturbance  or  sympathy.* 

1887,  Decemher  29. — A  letter  from  Mr.  J.  S.  Emersc 
Kohala,  Hawaii,  December  29th,  states  that  the  viev 
summit  of  Loa  from  that  place  indicates  activity  in 
"  Volumes  of  smoke  and  steam  have  been  pouring  on 
summit  crater,  but  no  ^low  or  reflection  of  fire  has  1 
served."  "  The  summit  is  now  heavily  coated  with 
Another  letter  of  April  states  that  on  March  29t 
the  signs  of  activity  at  the  summit  had  disappear 
exact  time  of  their  cessation  was  probably  early  in  Fe 

[To  be  continued.] 

*  The  above  is  from  the  Pacific  Oommerciai  Advertiser  and  Hawaii] 
of  Honolulu;  this  Journal,  xxziii,  310,  1887. 
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RT.  in. — On  the  Summit  Crater  of  Mt,  Loa  in  1880  and 

1885. 

Notes  ox  an  Ascent  in  1880,  about  three  months  befobb 

THE   great   ErUFTION    OF  THAT   YEAR;   BY  W.    T.    BrIGHAM. 

On  the  first  of  May,  1880,  fire  was  seen  in  the  crater  of 
>haku  Hanalei  on  the  summit  of  Mauna  Loa.  Persons  who 
ade  the  ascent  saw  a  fire-fountain  much  like  that  observed  in 
72,  but  no  overflow  followed,  and  the  fires  soon  disappeared. 
1  the  morning  of  July  26,  I  left  Kilauea  for  Kapapala.  The 
xt  morning,  while  waiting  at  Stone's  Eanch  for  a  guide  over 
8  trackless  beds  of  aa  and  clinker  on  the  great  mountain,  an 
rthquake  occurred  at  8.30  A.  M.  local  time.  It  lasted  three 
2onds,  and  was  accompanied  by  a  loud  subterranean  noise 
sembling  that  of  the  looms  in  a  cotton  mill.  The  vibration 
IS  by  no  means  so  noticeable  as  the  noise.  Journeying  over 
njrazing  land  covered  with  coarse  grass  and  dotted  here  and 
ere  Avith  blighted  koa  trees,  we  reached  Ainapo  (Land  of 
arkness)  at  1.45  P.  M.  Although  at  an  elevation  of  at  least 
300  feet,  the  temperature  was  at  75°.  Late  in  the  afternoon 
mounted  a  fine  mule  that  had  been  loaned  me  by  a  friend, 
id,  with  Ahuai  for  guide,  left  the  ranch.  In  1864,  with  Mr. 
orace  Mann,  I  climbed  the  mighty  dome  on  foot  on  the 
)posite  side;  but  this  path  was,  if  possible,  worse.  The 
rest  had  been  burned,  and  the  blackened  stems  of  the  trees 
3re  dismal  objects  unless  covered  with  the  akald^  a  gigantic 
spberry  vine.  The  soil  in  these  lower  regions  seems  good, 
it  the  ground  is  much  broken,  and  so  full  of  holes  that  it 
3uld  be  very  dangerous  to  ride  out  of  the  trail  after  dark, 
ren  in  the  afternoon,  vapors  ascended  from  these  holes,  which 
ten,  if  not  always,  communicated  with  caverns  in  the  ancient 
7a  streams,  and  as  the  day  waned  the  vapors  became  more 
stinct.  I  found,  as  the  average  of  several  trials,  that  the 
mperature  was  only  two  or  three  degrees  higher  than  the  out- 
ie  air.  As  we  ascended,  the  actual  temperature  of  the  vapor  in 
ese  holes  increased,  and  of  course  the  relative  temperature 
is  much  higher.  I  inferred  from  this  that  the  inner  moun- 
in  mass  was  hotter  than  usual,  as  I  had  never  observed  so 
eat  a  dijfference  before,  and  that  an  eruption  was  at  hand. 
At  the  upper  limit  of  vegetation  we  camped,  giving  our  ani- 
als  the  little  bundles  of  hav  we  had  brought  for  the  purpose, 
ae  night  was  cold  and  on  tne  morning  of  July  28,  at  sunrise, 
e  thermometer  marked  52°.  We  broke  camp  at  five  o'clock 
id  reached  the  summit  at  half-past  ten.     A  rougher  mass  of 
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lava  I  have  seldom  seen  and  never  before  ridden  over.  Beds 
of  aa  were  succeeded  by  piles  of  jagged  scoria  in  fragments 
from  one  to  twenty  cubic  leet  in  bulk,  and  over  these  my  mule 
jumped  like  a  chamois.  At  last  we  came  upon  a  level  plain 
from  which  had  poured  the  lava  that  had  hindered  our  ascent 
Although  we  were  on  the  summit,  the  crater,  Mokuaweoweo, 
did  not  at  first  appear,  but  on  every  side  were  rough  piles  of 
lava,  some  recent,  and  abundant  deposits  of  the  vesicular  lava 
called  limu.  This  limu  is  of  a  pale  green  color  presenting  the 
appearance  of  vegetation.  Some  fragments  of  it  were  a  foot 
in  diameter,  the  exterior  glazed  and  of  a  much  darker  green, 
the  whole  very  vesicular  and  so  full  of  air  as  to  float  on  water. 
In  appearance  it  was  frozen  froth.  In  the  midst  of  this  waste 
plain  we  found  the  crater.     Since  I  saw  it  fifteen  years  before 

freat  changes  had  occurred.  Then  no  change  but  the  gradual 
ecay  of  time  seemed  imminent;  all  was  the  repose  of  the 
dead.  There  were  some  concentric  cracks  in  the  outer  walls, 
but  the  lava  between  these  cracks  and  the  crater  itself  was  so 
solid  as  to  retain  snow  and  ice  all  the  summer,  and  the  descent 
into  the  crater  could  be  made  only  where  the  smaller  craters 
broke  into  the  outer  wall.  On  both  the  east  and  west  sides  the 
precipices  of  gray,  scarred  and  compact  lava  rose  to  the  height 
of  nearly  a  thousand  feet,  and  seemed  coeval  with  the  moun- 
tain. At  the  present  time,  these  ancient  walls  were  cracked 
and  tottering  to  their  fall ;  in  some  places  they  much  resembled 
a  wall  of  loose  stones  artificially  laid.  It  was  dangerous  to 
approach  the  brink  of  Pohaku  Hanalei  so  loose  were  the  lava 
blocks,  and  the  vibrations  caused  by  my  approach  seemed  to 
extend  downward  several  hundred  feet  toward  the  talus  which 
had  been  the  result  of  a  tremor  more  severe  than  usual.  By 
lying  down  I  was  able  to  look  over  and  test  the  height  by 
timing  the  fall  of  stones.  The  bottom  of  this  lateral  pit,  as  of 
the  main  crater,  was  comparatively  level,  without  cones,  and 
gave  no  indications  of  the  source  whence  the  fresh  black  lava 
tliat  covered  it  had  issued.  At  my  former  visit  in  1864  there 
were  two  cones  in  Mokuaweoweo  about  200  feet  high  near 
the  eastern  wall.  In  1870,  when  Mr.  Luther  Severance  as- 
cended the  mountain,  there  were  no  cones,  although  the  bo^ 
torn  was  much  broken  and  sloped  from  west  to  east.  From  his 
sketch  we  learn  that  at  f*  the  wall  was  very  steep ;  at  e  the 
height  was  estimated  at  1,200  feet ;  at  h  were  sulphur  banks 
smoking,  but  not  violently ;  e  marks  the  point  where  the  trail 
from  Kapapala  ends ;  d  the  point  where  Mr.  Mann  and  I  came 
to  the  crater  in  1864 ;  b  is  the  small  southern  crater,  Pohaku 
Hanalei,  and  a  is  where  I  found  the  wall  tottering  in  1880. 

♦  For  these  letters,  see  Mr.  Alexander's  map,  plate  2,  to  which  they  bar^ 
been  transferred.  The  crater  called  Pohaku  Hanalei  by  Mr.  Brigham  is  the  Soutls- 
Crater  of  Mr.  Alexander. — J.  d.  d. 
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In  1874:  the  crater  was  surveyed  by  Mr.  John  Lydgate,  of 
le  Government  Survey,  and  the  cones  had  again  formed,  two 
jing  in  the  northern  lateral  crater,  and  two  yra  and  n)  in  the 
ain  pit.  In  1880  with  this  survey  before  me,  the  changes 
emed  to  be  mostly  in  the  outer  walls  which  had  crumbled 
ctensively,  changing  the  outline,  but  not  enough  to  be  in- 
icated  on  a  plan  so  small.  In  ^addition,  the  cross  walls^/*and 
were  obliterated,  and  the  bottom  of  the  crater  was  covered 
ith  fresh  lava.  On  this,  along  the  edges  was  a  talus  of  old 
va  from  the  walls,  showing  plainly  that  an  earthquake  had 
icurred  since  the  eruption  of  May  1.  No  sulphur  banks  or 
earn  lets  were  seen  from  either  e  or  <z,  and  the  deposit  of 
limn,"  added  to  the  roughness  of  the  lava,  deterre.d  me  from 
aking  the  circuit  of  Pohaku  Ilanalei  to  examine  a  very  ex- 
nsive  break  on  the  farther  side  which  looked  fresh.  Near 
lis  break  was  a  black  and  glistening  stream  of  lava,  like  that 
1  the  bottom  of  Mokuaweoweo,  which  extended  from  the 
Ige  of  the  opposite  bank  (^  as  far  to  the  westward  as  could 
*  seen  over  the  undulating  surface.  Whence  this  issued  was 
3t  easily  determined.  If  it  was,  as  at  first  appeared  to  be  the 
ise,  an  overflow  from  the  crater,  how  could  this  have  been 
ill  and  yet  have  left  no  fresh  lava  on  the  broken  walls  ? 
sually  when  a  pit  crater  fills  up  and  is  emptied  from  be- 
jath,  the  sinking  lava  leaves  a  rim  or  '^BlacK  Ledge;"  but 
lere  is  nothing  of  the  sort  here.  If  the  stream  flowed  into 
le  crater  then  the  wall  over  which  it  came  has  tumbled  down 
id  so  removed  all  traces.  I  finally  concluded  that  it  owed 
3  origin  to  some  of  the  inclined  lava  jets  that  spouted  out 
ear  of  the  crater. 

My  ffuide  Ahuai  had  seen  the  fountain  of  May  1,  and  he 
surea  me  that  it  came  up  level  with  the  outer  walls  of 
ohaku  Hanalei,  so  that  the  top  was  visible  as  he  was  lying 
>wn  some  distance  from  the  brink.  This  would  indicate  a 
sight  of  nearly  a  thousand  feet — not  an  insignificant  jet ! 
i  was  convinced  that  the  eruption  of  May  1  was  but  the 
vant  courier  of  a  greater  one,  and  as  the  termination  of  my 
isit  was  near,  I  asked  those  who  were  interested  in  these  mat- 
ers to  watch  for  events  and  report  to  me.  The  new  eruption 
►egan  on  the  5th  of  November,  and  it  proved  the  beginning 
rf  the  most  extensive  lava  flow  that  has  been  recorded  from 
he  Hawaiian  volcanoes. 

2.  On  the  SuMMn  Crater  in  October,  1886,  and  its  Survey; 
BY  J.  M,  Alexander.     With  Plate  II. 

Diiring  the  year  1885  I  was  engaged  for  many  months  in 
surveying  lands  on  Manna  Hualalai  and  Mauna  Loa,  in  Hawaii, 
and  in  tnat  way  had  an  opportunity  of  making  investigations 
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of  craters  and  lava-flows  that  have  some  interest  connected  with 
the  study  of  volcanic  phenomena. 

On  the  Ist  of  September,  1885,  I  set  out  in  company  with 
Mr.  J.  S.  Emerson,  of  the  Hawaiian  Government  Survey,  to 
ascend  the  mountain  from  the  table  land  east  of  Hualalai,  along 
the  south  side  of  the  lava-flow  of  1859.  Our  route  led  first 
through  a  narrow  belt  of  forest,  consisting  of  mamane,  ohia  and 
sandalwood  trees ;  then  through  a  scantj  vegetation  of  oheloe 
and  the  beautiful  Cyaihodes  Twmeiamem^  and  at  last  beyond 
the  limits  of  vegetation,  without  a  vestige  of  moss  or  lichen, 
over  a  waste  of  "  pahoehoe"  lava,  traversed  by  tracts  of  "  aa" 
and  deep  chasms. 

At  about,  two-thirds  of  the  distance  toward  the  summit  we 
passed  the  ragged  crater  hill  from  which  the  outbreak  of  1859 
nad  issued,  and  here  our  path  was  strewed  with  pumice  and 
"  Pole's  hair"  from  that  eruption.  An  enormous  quantity  of 
lava  was  poured  forth  from  the  small  fissure  of  this  crater, 
forming  a  stream  from  half  a  mile  to  two  miles  wide,  and 
reaching  nearly  thirty  miles  to  the  ocean  at  Kiholo.  Lower 
do^^^l  I  counted  eighteen  species  of  ferns  and  a  dozen  kinds  of 
phenogamous  plants  already  growing  on  this  flow. 

Eeaching  the  brink  of  the  vast  crater,  we  found  that  along  it 
were  numerous  deep  fissures  filled  ^nth  ice  and  water,  making 
ready  for  avalanches  into  the  crater.  Here,  and  for  a  quarter  oi 
a  mile  below,  we  observed  many  rocks  of  different  kind  from 
the  surface  lavas,  solid,  flinty  fragments  of  apparently  the 
foundation  walls,  weighing  from  fifty  pounds  to  a  ton,  which 
had  formerly  been  hurled  out  during  eruptions.  I  noticed 
similar  rocks  around  the  summit  craters  of  Hualalai. 

At  evening  the  fog  lifted  and  gave  us  a  glimpse  into  the 
craters.  The  central  crater  (see  Plate  EL)  was  surrounded  by  al- 
most perpendicular  walls,  and  had  a  pahoehoe  floor  stresuced 
with  gray  sulphur  cracks,  from  hundreds  of  which  there  issued 
columns  of  steam,  and  in  the  south  end  stood  a  still  smoking 
cone.  South  of  this  central  crater,  there  was  a  high  plateau 
(C),  and  beyond  this  plateau,  still  farther  south,  an  opening 
into  another  crater  small  and  deep  (D).  In  the  opposite  direc- 
tion, north  of  the  central  crater,  appeared  another  higher  cra- 
ter, like  an  upper  plateau  (B)  from  which  a  torrent  of  lava  had 
once  poured  into  the  central  crater,  and  north  of  this  again 
another  crater  (A),  like  a  still  higher  plateau,  from  which  also 
lava  had  flowed  southward. 

Thus  it  was  evident,  as  appeared  more  clearly  by  subsequent 
investigation,  that  Mokuaweoweo  is  not  simply  one  crater,  but 
a  series  of  four  or  five  craters,  the  walls  of  which  have  broken 
down,  so  that  they  have  flowed  into  each  other. 

We  erected  a  survey  signal  for  determining  the  location  and 
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beight  of  the  snmmit,  and  also  of  an  important  land  boundary 
in  the  crater,  viz :  the  comer  where  the  four  lands  of  Keauhou, 
Kahuku,  Kapapala  and  Kaohe  meet,  which  is  at  the  cone  in 
the  central  crater. 

During  the  next  month  I  ascended  the  mountain  again,  this 
time  carrrying  an  excellent  engineer's  transit.  In  the  clear 
frosty  air  at  the  summit  station  I  was  able  to  take  the  bearings 
of  a  dozen  survey  signals  on  the  slopes  and  summit  of  HualalaL 
The  new  spherical  signal  which  I  had  erected  was  afterwards  ac- 
curately determined  bv  observations  from  more  than  twenty  sta- 
tions on  Mauna  Kea,  Uualalai  and  in  South  Kona,  and  thus  a 
trigonometrical  station  was  at  last  located  on  the  very  summit 
of  Mauna  Loa. 

On  the  second  day  I  descended  into  the  central  crater,  and 
found  much  of  the  bottom  to  consist  of  the  most  solid  kind  of 
"  pahoehoe ;"  but  in  some  large  tracts  the  pahoehoe  was  cov- 
3red  with  pumice,  indicating  the  violence  of  the  former  surg- 
ing and  tossing  of  the  lava.  Just  before  reaching  the  cone  we 
3ame  to  a  deeper  basin  (E)  twenty  or  more  feet  below  the  rest 
3f  the  crater  bottom  and  about  400  feet  wide,  covered  with 
the  most  friable  lava,  swollen  upward  as  though  raised  by  air 
bubbles,  and  this  basin  extended  into  a  lava  flow  (LL)  north- 
eastward along  the  side  of  the  crater.  Probably  this  was  the 
place  of  the  last  eruption  and  of  most  of  the  eruptions  of  this 
central  crater.  The  cone,  140  feet  high,  was  composed  of 
pumice  and  friable  lava  still  hot  and  smoking.  We  ascended 
it  and  set  up  a  flag  there  for  the  boundary  comer. 

T  returned  to  the  second  plateau  to  the  north  (B),  and 
thence  clambered  out  to  the  east  of  Mokuaweoweo  by  the 
route  of  a  former  cataract  of  lava  from  the  summit  into  the 
3rater,  the  black,  shining  spray  of  which  lay  spattered  on  the 
jurrouuding  rocks.  Farther  south  there  were  the  courses  of 
two  other  cataracts,  which  had  poured  directly  into  the  central 
jrater.  At  the  summit  I  found  the  deep  fissure  from  which 
these  cataracts  had  been  supplied  with  lava,  and  ascertained 
that  it  had  also  poured  an  immense  stream  north  upon  the  first 
plateau  and  thence  south  into  the  central  crater.  Crossing 
trom  this  place  to  the  north  over  the  first  plateau  I  suddenly 
»ame  to  a  circular  crater  in  the  bed  of  the  plateau  (A'),  appar- 
3ntly  600  feet  deep  and  1,000  feet  wide,  with  a  cone  in  its  cen- 
ter still  smoking.  The  next  day  we  took  the  transit  to  the  sta- 
tions in  the  crater,  and  the  following  surveyed  along  the  west- 
3m  brink  to  the  extreme  south  end,  where  we  looked  into  the 
South  Crater  (D),  which  is  about  800  feet  deep  and  2,500  feet 
wide.  The  length  of  the  whole  chasm  I  ascertained  to  be 
%bout  19,000  feet,  the  greatest  breadth  9,000  feet,  and  the 
greatest  depth  800  feet ;   and  the  area,  three  and  six-tenths 
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sf{uzre  miles.     The  map*  of  PIatc  II  f:?  redneed  from  the  map 
cent  to  tbe  GovexDment  as  the  lesnli  of  the  sarreT. 

On  the  southwest  side,  near  the  Tixiied*>n  of  the  centnl  en- 
ter with  the  s«>nth  plateac  »€-,  I  found  that  there  had  been 
another  eruption  from  ds^ures  that  were  still  smoking,  and 
that  this  eruption  had  sent  an  immense  stream  sonthwara  tow- 
ard Kahukn«  and  had  also  poured  catarMt^  into  the  South  Cra- 
ter from  all  sideg^ 

I  had  everrwhere  ob^erreai  that  there  had  been  great  flows 
from  the  •ummit  brink  down  the  mountain*  and  questioned 
whether  the  chasm  had  filled  up  and  overflowed  its  brim. 
This,  however,  turned  out  to  be  an  inci>rrect  view.  The  flows 
Iiave  not  l^een  from  the  lowest  parts  of  the  brinu  but  from  some 
of  the  hierhest.  which  could  not  have  been  the  case  in  an  overdow. 
The  walk  of  the  craters  largely  consist  of  looge^  old  weather- 
beaten  rocks,  and  laige  tracts  of  the  plateau  are  composed  of 
old  Tiahoehoe,  that  has  not  been  overflowed  for  ages,  which 
would  not  be  the  case  if  the  cratei^  had  filled  and  overflowed. 

These  outbreaks  from  fissures  around  the  rim  indicate  that 
the  lava  has  rather  poured  into  the  crater  than  out  of  it;  and 
that  it  has  flowed  from  such  fissures  in  vast  streams  down  the 
mountain  side.  The  question  arises.  How  has  the  lava  risen 
high  enough  to  pour  m  extensive  eruptions  through  these  fis- 
Hures,  almost  a  thonsand  feet  above  the  bottom  of  the  crater, 
M'ithout  rising  in  the  crater  and  overflowing  it  i  The  same 
question  has  often  been  asked  in  respect  to  the  rise  of  liquid 
lava  to  the  summit  of  Mauna  Loa  without  overflowing  the 
open  crater  of  Kilauea,  10,0CM)  feet  below. 
.  While  surveying  the  region,  I  was  extremely  interested  in 
the  arrangement  of  the  craters ;  and  now,  having  determined 
the  situation  of  more  than  fifty  of  them  on  Mauna  Loa,  Hua- 
lalai  and  Mauna  Kea,  I  have  ascertained  that  there  is  a  method 
in  their  arrangement.  They  are  not  arranged  relatively  to  the 
mountain  on  which  they  are  situated,  but  relatively  to  the 
]>ointH  of  the  compass.  There  seems  to  have  been  a  series  of 
nearly  parallel  fissures  through  which  these  craters  have  risen, 
in  lines  nnuiing  from  S.  40  deg.  E.  to  S.  60  deg.  E.  There 
are  a  few  arranged  in  lines  running  X.  50  deg.  E. 

It  has  been  remarked  by  Mr.  W.  T.  Brigham,  in  his  memoir 
of  1868  on  the  Volcanoes  of  the  Hawaiian  Islands,  that  while 
the  general  trend  of  the  Hawaiian  grouj)  and  of  the  major  axis 
of  each  island  is  N.  60  deg.  W.,  there  is  no  crater  on  the 
Islands  whose  major  axis  is  parallel  to  this  line.  ^*  On  the  con- 
trary," he  continues,  "a  very  interesting  parallelism  is  ob- 

•  To  tliifi  map  tho  depths  of  the  different  parts  of  Mokuaweoweo  below  the 
•ummit  level  have  been  added  from  estimates  received  in  a  letter  from  the  author. 
TIm  direction  of  the  northern  and  southern  halves  of  the  longer  diameter  of  the 
onttor  tia7«  alio  been  added  on  the  margin. — j.  ix  d. 
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served  among  all  the  craters,  and  invariably  the  longest  diame- 
ter is  north  and  south."  It  would  be  more  correct  to  say  that 
the  major  axes  of  the  great  craters  are  usually  at  right  an- 

fles  to  the  general  axis  of  the  group,  i.  e.,  about  N.  30  deg.  E. 
Laleakala  and  the  ancient  Kipahulu  crater  appear  to  take  the 
other  direction,  but  the  statement  is  certainly  true  of  the  great 
craters  of  Kilauea  and  Mokuaweoweo,  which  have  other  points 
of  resemblance. 

Thus  in  both  the  highest  walls  are  on  the  western  side,  and 
in  both  the  action  is  working  toward  the  southwest,  as  is  indi- 
cated by  the  fact  that  the  northeast  craters  are  nearly  filled  up, 
while  the  deepest  and  active  craters  are  in  the  southwest  end 
of  the  depression. 


Art.  IV. — On  an  Explanation  of  the  aation  of  a  Magnet 
on  Chemical  Action ;  by  Henry  A.  Kowland  and  Louis 
Bell.* 

In  the  year  1881  Prof.  Remsen  discovered  that  magnetism 
had  a  very  remarkable  action  on  the  deposition  of  copper  from 
one  of  its  solutions  on  an  iron  plate,  and  he  published  an  account 
in  the  American  Chemical  Jowmal  for  the  year  1881.  There 
were  two  distinct  phenomena  then  described,  the  deposit  of 
the  copper  in  lines  approximating  to  the  equipotential  lines 
of  the  magnet,  and  the  protection  of  the  iron  from  chemical 
action  in  lines  around  the  edge  of  the  poles.  It  seemed  proba- 
ble that  the  first  effect  was  due  to  currents  in  the  liquid  pro- 
duced by  the  action  of  the  magnet  on  the  electric  currents  i3fet 
up  in  the  liquid  by  the  deposited  copper  in  contact  with  the 
iron  plate.  The  theory  of  the  second  kind  of  action  was 
given  by  one  of  us,  the  action  being  ascribed  to  the  actual 
attraction  of  the  magnet  for  the  iron  and  not  to  the  magnetic 
state  pf  the  latter,  it  is  well  known  since  the  time  of  Faraday 
that  a  particle  of  magnetic  material  in  a  magnetic  field  tends 
to  pass  from  the  weaker  to  the  stronger  portions  of  the  field, 
and  this  is  expressed  mathematically  by  stating  that  the  force 
acting  on  the  particle  in  any  direction  is  proportional  to  the 
rate  of  variation  of  the  square  of  the  magnetic  force  in  that 
direction.  This  rate  of  variation  is  greatest  near  the  edges 
and  points  of  a  magnetic  pole,  and  more  work  will  be  required 
to  tear  away  a  particle  oi  iron  or  steel  from  such  an  edge  or 
point  than  irom  a  hollow.  This  follows  whether  the  tearing 
away  is  done  mechanically  or  chemically.  Hence  the  points 
and  edges  of  a  magnetic  pole,  either  of  a  permanent  or  induced 
magnet,  are  protected  from  chemical  action. 

*  Read  at  the  Manchester  meeting  of  the  British  Association,  September,  1887. 
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One  of  Prof.  Eemsen's  experiments  illustrates  this  most 
beautifully.  He  places  pieces  of  iron  wire  in  a  strong  mag- 
netic field,  with  their  axes  along  the  lines  of  force  Chi 
attacking  them  with  dilute  nitric  acid  they  are  eaten  away 
until  they  assume  an  hour-glass  form,  and  are  furthermore  pit- 
ted on  the  ends  in  a  reroarSable  manner.  On  Prof.  Bemsen's 
signifying  that  he  had  abandoned  the  field  for  the  present,  we 
set  to  work  to  illustrate  the  matter  in  another  manner  by  means 
of  the  electric  currents  produced  from  the  change  in  the  elec- 
trochemical nature  of  the  points  and  hollows  of  the  iron. 

The  first  experiments  were  conducted  as  follows  :  Two  bits 
of  iron  or  steel  wire  about  1"™  in  diameter  and  10™°*  long  were 
imbedded  side  by  side  in  insulating  material,  and  each  was 
attached  to  an  insulated  wire.  One  of  them  was  filed  to  a 
sharp  point,  which  was  exposed  by  isutting  away  a  little  of  the 
insulation,  while  the  other  was  laid  bare  on  a  portion  of  the 
side.  The  connecting  wires  were  led  to  a  renecting  galvan- 
ometer, and  the  whole  arrangement  was  placed  in  a  small 
beaker  held  closely  between  the  poles  of  a  large  electromagnet, 
the  iron  wires  being  in  the  direction  of  the  lines  of  force. 
When  there  was  acid  or  any  other  substance  acting  upon  iron 
in  the  beaker,  there  was  always  a  deflection  of  the  galvanome- 
ter due  to  the  slightly  different  action  on  the  two  poles.  When 
the  magnet  was  excited  the  phenomena  were  various.  When 
dilute  nitric  acid  was  placed  in  the  beaker  and  the  magnet 
excited,  there  was  always  a  strong  throw  of  the  needle  at  the 
moment  of  making  circuit,  in  the  same  direction  as  if  the 
sharp  pointed  pole  had  been  replaced  by  copper  and  the  other 
by  zinc.  This  throw  did  not  usually  result  in  a  permanent 
deflection,  but  the  needle  slowly  returned  toward  its  startiuff 
point  and  nearly  always  passed  it  and  produced  a  reversea 
deflection.  This  latter  effect  was  disregarded  for  the  time  being, 
and  attention  was  directed  to  the  laws  that  governed  the  ap- 

f)arent  ''  protective  throw,"  since  the  reversal  was  so  long  de- 
ayed  as  to  be  (juite  evidently  due  to  after  effects  and  not  to 
the  immediate  action  of  the  magnet. 

With  nitric  acid  this  throw  was  always  present  in  greater  or 
less  degree,  and  sometimes  remained  for  some  minutes  as  a 
temporary  deflection,  the  time  varying  from  this  down  to  a 
few  seconds.  The  throw  was  independent  of  direction  of 
current  through  the  magnet,  and  apparently  varied  in  amount 
with  the  strength  of  acid  and  with  the  amount  of  deflection 
due  to  the  original  difference  between  the  poles.  This  latter 
fact  simply  means  that  the  effect  produced  by  the  magnet  is 
more  noticeable  as  the  action  on  the  iron  become^  freer. 

When  a  pair  of  little  plates  exposed  in  the  middle  were  sub- 
stituted for  the  wires,  or  when  the  exposed  point  of  the  latter  was 
filed  to  a  flat  surface,  the  protective  throw  disappeared,  though 
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it  is  to  be  noted  that  the  deflection  often  gradually  reversed 
in  direction  when  the  current  was  sent  through  the  magnet ; 
i.  a,  only  the  latter  part  of  the  previous  phenomenon  appeared 
under  these  circumstances. 

When  the  poles,  instead  of  being  placed  in  the  field  along  the 
lines  of  force,  were  held  firmly  perpendicular  to  them,  the  pro- 
tective throw  disappeared  completely,  though  as  before  there 
was  a  slight  reverse  after-eflEect. 

Some  of  Professor  Remsen's  experiments  on  the  corrosion 
of  a  wire  in  stropg  nitric  acid  were  repeated  with  the  same 
results  as  he  obtained,  viz :  the  wire  was  eaten  away  to  the 
general  dumb-bell  form,  though  the  protected  ends  instead 
of  being  club-shaped  were  perceptibly  hollowed.  When  the 
wire  thus  exposed  was  filed  to  a  sharp  point  the  extreme 
point  was  very  perfectly  protected,  while  there  was  a  slight 
tendency  to  hollow  the  sides  of  the  cone,  and  the  remainder 
of  ,gthe  wire  was  as  in  the  previous  experiments.  In  both 
oases  the  bars  were  steel  and  showed  near  the  ends  curious 
corrugations,  the  metal  being  left  here  and  there  in  sharp 
ridges  and  points.  In  one  case  the  cylinder  was  eaten  away 
on  sides  and  ends  so  that  a  ridge  of  almost  knife-like  sharpness 
was  left  projecting  from  the  periphery  of  the  ends. 

These  were  the  principal  phenomena  observed  with  nitric 
acid.  Since  this  acid  is  tne  only  one  which  attacks  iron  freely 
in  the  cold,  in  Prof.  Eemsen's  experiment,  this  was  the  one  to 
which  experiments  were  in  the  main  confined.  With  the 
present  method,  however,  it  was  possible  to  trace  the  eflfect  of 
the  magnet  wjienever  there  was  the  slightest  action  on  the  iron, 
and  consequently  a  large  number  of  substances,  some  of  which 
hardly  produce  any  action,  could  be  used  with  not  a  little  facility. 

In  thus  extendmg  the  experiments  some  difficulties  had  to 
be  encountered.  In  many  cases  the  action  on  the  iron  was  so 
irregular  that  it  was  only  after  numerous  experiments  under 
widely  varying  conditions  that  the  effect  of  the  magnet  could 
be  definitely  determined.  Frequently  the  direction  of  the 
original  action  would  be  reversed  in  the  course  of  a  series  of  ex- 
periments without  any  apparent  cause,  but  in  such  case  the 
direction  of  the  effect  due  to  the  magnet  remained  always  un- 
changed, uniformly  showing  protection  of  the  point  so  long  as 
the  wires  remained  parallel  to  the  lines  of  force.  When,  how- 
ever, the  original  action  and  the  magnetic  effect  coincided  in 
direction,  the  repetition  of  the  latter  showed  a  decided  ten- 
dency to  increase  the  former. 

Wnen  using  solutions  of  various  salts  more  or  less  freely  pre- 
cipitated by  me  iron,  it  frequently  happened  that  the  normal 
protective  throw  was  nearly  or  quite  absent,  but  showed  itself 
when  the  magnet  circuit  was  broken  as  a  violent  throw  in  the 
reverse  direction,  showing  that  the  combination  had  been  act- 
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ing  like  a  miniature  storage  battery  which  promptly  discharged 
itself  when  the  charging  was  discontinned  by  brealong  the  cur- 
rent through  the  magnet.  The  gradual  reversal  of  the  current 
some  little  time  after  exciting  the  magnet  was  noted  frequently 
in  these  cases,  as  before.  Owin^  to  this  peculiarity  and  their 
generally  very  irregular  action,  the  various  salts  were  disagree- 
able substances  to  experiment  with,  though  as  a  rule  they  gave 
positive  results. 

Unless  the  poles  were  kept  cleau  experimenting  became 
difficult  from  the  accumulation  of  decomposition  products 
about  them  and  oxidation  of  their  surfaces.  A  few  experi- 
ments showed  how  easily  the  original  deflection  could  be  mod- 
ified, nearly  annulled  or  even  reversed  in  direction  by  slight 
differences  in  the  condition  of  the  poles.  These  difficulties  of 
the  method  are,  however,  more  than  counterbalanced  by  its 
rapidity  and  delicacy  when  proper  precautions  are  taken. 

Nearly  thirty  substances  were  tested  in  the  manner  previ- 
ously described ;  but  comparatively  few  of  them  gave  very 
decided  effects  with  the  magnet,  though,  as  later  experiments 
have  shown,  the  protective  action  is  a  general  one.  The  sub- 
stances first  tried  were  as  follows.  The  table  shows  the  various 
acids  and  salts  tried,  and  their  effects  as  shown  by  the  original 
apparatus : 


Substances. 

Effect  due  to 

magnet. 

Nitric      acid 

Strong. 

Sulphuric  "    

Little  or  none. 

Hydrochloric  acid 

t(           .1 

Acetic                '* 

None.        1 

Formic               *' 

u                1 

Oxalic                 •' 

i 

Tartaric              " 

11 

Chromic              •* 

Some  effect. 

Perchloric          *' 

4( 

Chloric 

Xone.        1 

Bromic                " 

•' 

Phosphoric         *' 

ti 

Permanganic      " 

Slight  effect. 

Chlorine  water 

Decided  '• 

Bromine      "    

(( 

Iodine         *'    

(( 

Copper  sulphate 

a 

**        nitrate 

Some. 

'*        acetate 

t< 

"        chloride 

it 

"        tartrate 

Slight. 

Mercuric  bromide 

Some. 

*'        chloride 

u 

Mercurous  nitrate 

i( 

Ferric  chloride 

Decided. 

Silver  nitrate 

Some. 

Platinum  tetrachloride. 

(( 

Xotes. 


Always  powerful  protective  throw. 
Does  not  act  very  readily  on  the  iron. 


Sometimes  quite  distinct  throw,  irregular. 
Much  less  marked  than  with  chromic. 


Hardly  any  effect  on  iron. 
More  than  with  perchloric. 


Mainly  showing  as  throw,  on  breaking. 


ii 


u 


it 
(( 
(i 


(1 

it 
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Throw,  on  breaking. 

Very  slight  solution,  weak. 

Mainly  as  throw  on  breaking.       [breaking. 

Both   protective  throw,  and  sometimes  oo 

Action  very  irregular. 
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Several  things  are  worthy  of  note  in  this  list.  In  the  first 
place  those  solutions  of  metallic  salts  which  are  precipitated  by 
iron  all  show  distinct  si^s  of  protective  action  when  the  cur- 
rent is  passed  through  the  magnet.  Of  the  various  acids  this 
is  not  generally  true;  only  those  show  the  magnetic  eflEect, 
which  act  on  iron  without  the  evolution  of  hydrogen^  and  are 
powerful  oxidizing  agents.  In  general,  substances  which  acted 
without  the  evolution  of  hydrogen  gave  an  eflEect  with  the 
m^net. 

From  these  experiments  it  was  quite  evident  that  the  protec- 
tive action,  whatever  its  cause,  was  more  general  than  at  first 
appeared  and  steps  were  next  taken  to  extend  it  to  the  other 
magnetic  metals.  Small  bars  were  made  of  nickel  and  cobalt 
and  tried  in  the  same  manner  as  before.  These  metals  are 
acted  on  but  very  slightly  by  most  acids,  and  the  range  of  sub- 
stances which  could  be  used  was  therefore  very  small,  but  all 
the  substances  which  gave  the  magnetic  eflEect  with  iron  poles 
^ve  a  precisely  similar,  though  much  smaller  eflEect,  whenever 
tnejr  were  capable  of  acting  at  all  on  the  nickel  and  cobalt 
This  was  notably  the  case  with  nitric  acid,  bromine  water, 
chlorine  water,  and  platinum  tetrachloride,  which  were  the 
substances  acting  most  readily  on  the  metals  in  question.  Even 
with  these  powerful  agents,  however,  the  magnetic  action  was 
very  much  less  than  with  iron,  and  experimentation  on  metals 
even  more  weakly  magnetic  was  evidently  hopeless. 

As  a  preliminary  step  toward  ascertaining  the  cause  of  the 
magnetic  action  and  its  nonappearance  where  the  active  sub- 
stance evolved  hydrogen,  it  now  became  necessary  to  discover 
and  if  possible  eliminate  the  cause  of  the  reversal  of  the  cur- 
rent which  regularly  followed  the  protective  throw.  Experi- 
ments soon  showed  that  it  could  not  be  ascribed  to  accumula- 
tion of  decomposition  products  around  the  electrodes,  and 
Solarization,  wliile  it  could  readily  neutralize  the  original  de- 
ection,  could  not  reverse  its  direction.  Whatever  the  cause, 
it  was  one  which  did  not  act  with  any  great  regularity,  and  it 
was  soon  found  that  stirring  the  liquid  while  the  magnet  was 
on,  uniformly  produced  the  eflEect  observed.  Since  one  pole 
was  simply  exposed  over  a  small  portion  of  its  side  while  the 
other  had  a  sliarp  projecting  pomt,  it  was  the  latter  which 
was  most  freely  attacked  when  there  were  currents  in  the 
liquid,  whether  these  were  stirred  up  artificially  or  were  pro- 
duced by  the  change  in  galvanic  action  due  to  the  presence  of 
the  magnet.  When  the  ix)les  were  placed  in  fine  sand  satu- 
rated with  acid  this  reversmg  action  was  much  diminished,  and 
in  fact  anything  which  tended  to  hinder  free  circulation  of  the 
liquid  producea  the  same  eflEect.  Several  materials  were  tried 
and  of  these  the  most  successful  was  an  acidulated  gelatine 
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m         .*«.  * 


u-iczLf i  iZie  >:«e&.    In  thk  eve 

2i:i:  zj!±:Lrl7  itf  jsrze  k  in  the  free 

e:*i  '^jLr^  tLr  •^jc^^^:•:•«  T#2!i»5ei  • .  tieetjoe  p»:<iiiriad  vliik  the 

r?tL£  i-5:c  ^icipiicttJT  diaqipeired, 
*•>  "IxL  -KZjSfi.  zlk  niksTife:  -wi^  'z^».  :■—  &  persiaent  deflection 

TIlt  >  'ir.T  "".•tii:^  !^l-r±r=^i  ^7  irrccr'  .^  tju  rieii  mmed  to  the 
:-eirit:T,^  r^j-lt?  "'r^-'^\  t~  i*t5ir  tIL^  anaek  iron  with 
•rTvl-t:-:*^  -.'f  Ij'iri^j'ec.  Ti>r  r^Ttzricseccr  wt&  made  much 
:if:-rv:  ?^r--h:Te"  kri;!  re^zLivei  fr:-!:-  itlt  p»jiaEEbie  disturbing 
i*rr:->!i  cir  :..•  ::.^  ziL^n-e: :  jlt  i  Trnl  "liese  r4:«eKadoii5  the  origi- 
EiL  eipeHn-r-i*  -rei^e  rr:»=atie»:L  ::  •c^rciiz;^  i}«»>baib!e  thit  even 
if  '':.K  rr-fc^^e-tf'!"  e^r:':-":  Trire  TLrr^I/  * — -T^.  by  the  hydrogen 

TLii  re*:  i:Li-  e^rn-r  Tii  ^>:'i.~  l-rTarrei.  rrst  with  hydrobro- 
It:'':  ac:i  iL.  i  :lri:  tt::!  r.Tir>;ll-:r:?,  ly-ir^viic  »nlphnric  and 
others.  TLe  ^tri-n^jefr:  l^-j^^rr^L  cfe^:  wis  with  hydriodic 
acid,  hut  is  :lis  :i.iT  z^.t^^.'.'.j  Li-e  *>:-tifiied  tnice&  of  free 
:*>iii;e  it  n.ay  r-r  rvinrie^i  i?  ?.:i:>rTrlA:  -i-:*%;irfaL  The  effect 
in  all  These  case*  wi*  very  >sLilI.  iz-i  ThiiOgh  now  and  then 
sTsspecteii  in  the  r-r^vi-:.:!*  work,  '^r^il-i  !::>:  iiaVe  been  definitely 
d*:tt:nnine«i.  mucii  less  meis-Tir^L 

Some  rjDirb .  mea^":lTtI:le::r^  "srerr  z:^!^  >i:  the  electromotive 
forces  invojve"!  in  :ris  e'.*.^  of  rlrzo^iern  by  gettinp  the 
throw  of  ihtr  iTJ^ manometer  f-.-r  Tiri-.-s  gr.A  1  known  values  of 
::-*:  E.  M-  F.  The  vil::es  f.:i;n-i  Tiriei  ^r>ea:!y.  ran^ring  from 
irrr^  thiiL  '••■•«>!'i  vol:  in  eai-e  -.-f  the  aei-i*  evolving  iiydro- 
tre:..  T3p  to  V "li  o7  v'vS  v/.'ti  with  nitri?  ieii  and  certain  salts. 
Th*ri*r  were  tLe  ehanires  pr>ir»o^i  r.»y  :Le  niairnet,  while  the 
iniriil  electrtiii'Tive  forces  i.'.*m:il>  existing  between  the 
\/j.^  woMjd  y^^.  r'>Tijli:y  sr-ejkin^.  fr-:-^  '•'•*»1  to  nearly  0"<>5 
V',..:r.  r.^vtrr  d;sij>wariiiir  an;  r;i!\-!y  re-dohin^  the  latter  figure. 

fro:::  these  exj:»eri  nieiits  :i  thvrof  oe  ipy^ears  that  the  protec- 
tr.T:  i'L-tio!:  ••:  the  iiiiiTiierle  rIvM  is  ireneral,  extending  to  all 
•'iiVrt ;:.';/--  '.vl'-icii  act  e:ii.-:ri:cay.y  on  thtr  mairnetic  metals. 
W.-.h-r  th:-  :s  -.,  liie  str-Tiiirest  r^eet  is  obtained  with  those 
r-iv-tii.f.v-r  '.viii».'}i  act  with'.r.t  the  cv..'.-ti  •::  of  Lydrc^en.  But 
\:j:  ----r>.-r  ir  re.iily  .^iiite  e^'nriuuous,  Tnin?: /.orie  acid  for  instance 
yrf/y.fy.ii'fi  hut  littit  ii.vre  etfect  t'ri:\n  hydM»brcimic,  while  this 
.Ji  t'im  diifers  less  from  |»ereh;  tio  than  tn:»m  an  acid  like 
a/>rT>r.  It  see!Ji<  pr«.ihal»le  thiu  the  :iot:o";  of  the  hydrogen 
C'vo^-.wj  :•  j,anially  tu  sliield  the  p«>le  at  which  it  is  evolved, 
^lA  ]ti-^-4i:x  the  dilferenee  bt:tw<.x'n  the  p.:»les  produced  by  the 
:s.iL[nL*:\.  It  probably  acts  merely  mechanically,  for  it  is  to  be 
waaA  that  tiiose  acids  which  evolve  a  sas  other  than  hydrogen 
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water y  tend  to  prod  ace  little  magnetic  eflEect  compared  with 
bliose  which  act  without  the  evolution  of  any  gas. 

As  to  the  actual  cause  of  the  protective  action  exercised  bv 
the  magnetic  field,  all  these  experiments  go  to  show  that  it  is 
(juite  independent  of  the  substance  acting,  with  the  exception 
above  noted,  and  is  probably  due  to  the  attractive  action  of  the 
magnet  on  the  magnetic  metals  forming  the  poles  subjected  to 
chemical  action,  as  we  have  before  explained. 

In  the  first  place,  whenever  iron  is  acted  upon  chemically  in 
a  magnetic  field  those  portions  of  it  'about  which  the  magnetic 
force  varies  most  rapidly  are  very  noticeably  protected,  and 
this  protection  as  nearly  as  can  be  judged  varies  very  nearly 
with  the  above  quantity.  Wherever  there  is  a  point  there  is 
almost  complete  protection,  and  wherever  there  is  a  flat  surface, 
Qo  matter  in  how  strong  a  field,  it  is  attacked  freely.  When- 
ever in  the  course  of  the  action  there  is  a  point  formed,  the 
above  condition  is  satisfied  and  protection  at  once  appears. 
Thus,  in  the  steel  bars  experimented  on,  whenever  the  acid 
reached  a  spot  slightly  harder  than  the  surrounding  portions  it 
produced  a  little  elevation  from  which  the  lines  oi  force  di- 
verged^  and  still  further  shielding  it  produced  a  ridge  or  point, 
sharp  as  if  cut  with  a  minute  chisel.  Nickel  and  cobalt  tend 
to  act  like  iron,  though  they  are  attacked  with  such  difficulty 
that  the  phenomena  are  much  less  strongly  marked.  With  the 
non-magnetrc  metals  they  are  completely  absent.  Now,  turn- 
ing to  tne  experiments  with  the  wires  connected  with  a  galvan- 
ometer, the  same  facts  appear  in  a  slightly  different  form. 

When  the  poles  were  placed  perpendicular  to  the  lines  of 
force  instead  of  parallel  to  them,  the  magnet  produced  no 
effect  whatever,  snowing,  first,  that  the  effect  previously  ob- 
served depended  not  merely  on  the  existence  of  magnetic 
force  but  on  its  relation  to  tne  poles,  and,  secondly,  that  when 
the  poles  were  so  placed  as  to  produce  little  deflection  of  the 
lines  of  force  the  protective  effect  disappeared. 

When  the  pointed  pole  was  blunted  the  effect  practically 
disappeared^  tne  poles  remaining  parallel  to  the  lines  of  force, 
and  when  plates  were  substituted  for  the  wires  no  effect  was 
produced  in  any  position,  showing  that  the  phenomena  were 
not  due  to  the  directions  of  magnetization  but  to  the  nature  of 
the  field  at  the  exposed  points.  In  short,  whatever  the  shape 
or  arrangement  of  the  exposed  surfaces,  if  at  any  point  or 
points  the  rate  of  varia'tion  of  the  square  of  the  magnetic 
force  is  greater  than  elsewhere,  such  points  will  be  protected, 
while  if  the  force  is  sensibly  constant  over  the  surfaces  ex- 
posed there  will  be  no  protection  at  any  point.  With  all  the 
forms  of  experimentation  tried  this  law  held  without  excep- 
tion.    It  therefore  appears  that  the  particles  of  magnetic  mate- 
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rial  on  which  the  chemical  action  could  take  place  are  governed 
by  the  general  law  of  magnetic  attraction  and  are  hela  in  place 
against  chemical  energy  precisely  as  they  would  be  held  against 
purely  mechanical  force.     To  sum  up : 

Wnen  the  magnetic  metals  are  exposed  to  chemical  action 
in  a  magnetic  field  such  action  is  decreased  or  arrested  at  any 
points  wnere  the  rate  of  variation  of  the  square  of  the  mag- 
netic force  tends  toward  a  maximum. 

It  is  quite  clear  that  the  above  law  expresses  the  facts  tlins 
far  obtained,  and  while  in  any  given  case  the  action  of  the 
magnet  is  often  complicated  by  subsidiary  eflEects  due  to  cur- 
rents or  by-products,  the  mechanic^  laws  of  motion  of  parti- 
cles in  a  magnetic  field  hold  here  as  elsewhere  and  cause  the 
chemical  action  to  be  confined  to  those  points  where  the  mag- 
netic force  is  comparatively  uniform. 

The  eflEect  of  currents  set  up  in  the  liquid  during  the  action 
of  the  magnet  cannot  be  disregarded  especially  in  such  experi- 
ments as  those  of  Nichols  (this  Journal,  xxxi,  272,  1886)  wnere 
the  material  acted  on  was  powdered  iron  and  the  disturbances 
produced  by  the  magnet  would  be  particularly  potent.  The 
recent  experiments  of  Colardeau  (Journal  de  Physique,  March, 
1887)  while  perhaps  neglecting  the  question  of  direct  protec- 
tion of  the  poles,  have  furnished  additional  proof  of  the 
purely  mechanical  action  of  the  magnet  by  reproducing  some 
of  the  characteristic  phenomena  where  chemical  action  was 
eliminated  and  the  only  forces  acting  were  the  ordinary  mag- 
netic attractions. 

An  attempt  was  made  to  reverse  the  magnetic  action,  i  e.  to 
deposit  iron  in  a  magnetic  field  and  increase  its  deposition 
where  there  was  a  sharp  pole  immediately  behind  the  plate  on 
which  the  iron  was  being  deposited.  This  attempt  failed. 
The  action  was  very  irregular  and  the  results  not  decisiva 
The  question  of  stirring  eflEect  was  also  examined.  Usually 
stirring  the  liquid  about  one  pole  increased  the  action  on  that 

?ole,  but  sometimes  produced  little  eflfect  or  even  decreased  it. 
'his  however  is  in  entire  agreement  with  the  irregular  action 
sometimes  observed  in  the  case  of  the  after-eflfect  m  the  orig- 
inal experiments. 

An  excellent  method  of  experiment  is  to  imbed  an  iron 
point  in  wax  leaving  the  minute  point  exposed  :  imbed  a  flat 
plate  also  in  wax  and  expose  a  pomt  in  its  center.     Place  the 

f)oint  opposite  to  the  plate,  but  not  t'oo  near  and  place  in  the 
iquid  between  the  poles  of  a  magnet  and  attach  to  the  galva- 
nometer as  before. 

There  is  a  wide  field  for  experiment  in  the  direction  indi- 
cated above,  for  it  is  certainly  very  curious  that  the  effect 
varies  so  much.     If  hydrogen  were  as  magnetic  as  iron,  of 
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urse  acids  which  liberated  it  would  have  no  action.  But  it 
useless  to  theorize  blindly  without  further  experiment ;  and 
B  are  drawn  off  by  other  fields  of  research. 
In  this  Journal  for  1886,  (1.  c.)  Professor  E.  L.  Nichols  has 
vestigated  the  action  of  acids  on  iron  in  a  magnetic  field. 
3  remarks  that  the  dissolving  of  iron  in  a  magnetic  field  is 
B  same  as  removing  it  to  an  infinite  distance  and  hence  the 
iount  of  heat  generated  by  the  reaction  should  differ  when 
is  takes  place  within  or  without  the  magnetic  field.  Had  he 
Iculated  this  amount  of  heat  due  to  the  work  of  withdrawing 
from,  the  field,  he  would  probably  have  found  his  method  of 
periment  entirely  too  rough  to  show  the  difference,  for  it 
ast  be  very  small.  He  has  not  given  the  data,  however,  for 
to  make  the  calculation.  The  results  of  the  experiments 
ire  inconclusive  as  to  whether  there  was  greater  or  less  heat 
Derated  in  the  field  than  without. 

In  the  same  Journal  for  December,  1887,  he  describes  ex- 
riments  on  the  action  of  the  magnet  on  the  passive  state  of 
►n  in  the  magnetic  field.  In  a  note  to  this  paper  and  in 
other  paper  in  this  Journal  for  April,  1888,  he  describes  an 
perim^t  similar  to  the  one  in  this  paper  but  without  our 
3ory  with  regard  to  the  action  of  points.  Indeed  he  states 
it  the  ends  of  his  bars  acted  like  zinc,  while  the  middle  was 
e  platinum,  a  coiichtsion  directly  opposite  to  ours.  The 
ison  of  this  difference  has  been  shown  in  this  paper  to  be 
^bably  due  to  the  currents  set  up  in  the  liquid  by  the 
iction  of  the  magnet  and  the  electric  currents  in  the  liquid. 
In  conclusion  we  may  remark  that  our  results  differ  from 
ofessor  Nichols  in  this :  First,  we  have  given  the  exact 
ithematical  theory  of  the  action  and  have  confirmed  it  by 
r  experiments,  having  studied  and  avoided  many  sources  of 
'or,  while  Professor  Nichols  gives  no  theory  and  does  not 
bice  the  action  of  points.  Secondly,  our  experiments  ffive 
protective  action  to  the  points  and  ends  of  bars,  ^vhile 
ofessor  Nichols  thinks  the  reverse  holds  and  that  these  are 
►re  easily  dissolved  than  unmagnetized  iron. 
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Art.  V. —  Wave-like  effects   produced  by  the  Detonation  of 
Gun-cotton  ;  by  Charles  E.  Muxroe.     With  Plate  r\'. 

Having  li«i(.i  occasion  recently  to  determine   how  readilv 

fun-cotton  wliicli  was  completely  saturated  with  water  could 
e  detonated,  I  emploved  for  the  purpose  a  tin  can,  with  a 
smooth  flat  bottom  to  liold  the  ^m-cotton  disk  and  then  filled 
the  can  with  sufficient  water  to  just  completely  cover  the  disk. 
A  paraffined  drv  disk  of  gun-cotton,  to  ser\-e  as  a  primer,  wa? 
then  laid  directly  on  top  of  and  in  contact  with  the  wet  disk 
and  a  detonator  containing  thirty-tive  grains  of  mercurj^  fulmi- 
nate was  inserted  in  the  primer  for  the  purpose  of  firing  it. 
The  arranirement  is  shown  in  fig.  1,  where  A  represents  the 

can,  B  the  disk  of  wet  gnn- 
cotton,  C  the  disk  of  dry  trun- 
cotton,  D  the  detonator,  j/?the 
water  and  F  the  iron  beam  on 
which  it  rested.  The  gun- 
cotton  disks  had  a  diameter 
of  3i  inches  each,  while  the 
can  had  a  diameter  of  5^ 
inches  and,  as  the  gun-cotton 
disks  were  placed  with  their 
cylindrical  axes  parallel  to 
that  of  the  can  and  with  one 
face  in  contact  with  the  side 
of  the  can,  there  was  a  cn^- 
cent-shaped  space  about  the  gun-cotton  at  the  bottom  of  the 
can,  two  inches  wide  at  its  greatest  width,  which  was  covered 
by  water  only. 

The  can,  ^\4th  its  contents  arranged  as  described,  was  placed  on 
the  smooth  face  of  a  heavy  wrought  iron  beam  and  detonated. 
The  ellect  produced  on  the  iron  is  shown  in  fig.  2  (Plate  IV). 
which  is  reproduced  from  a  photograph  of  such  pieces  of  the 
fractured  beam  as  were  recovered.  Ins])ection  of  the  impressed 
surface  shows  a  comparatively  smooth  and  deep  indentaHon 
immediately  under  the  place  occupied  by  the  gun-cotton,  which 
has  an  area  nearly  equal  to  that  of  the  base  of  the  ffun-cotton 
disk.  Surrounding  this  is  a  crescent-shaped  space,  about  five- 
eighths  of  an  inch  wide  at  its  greatest  width,  which  appears 
slightly  undulating  when  examined  by  a  low-powerea  lens, 
and  then  follows  a  series  of  breakers,  concentrically  arranged 
about  the  impression  of  the  base  of  the  gun-cotton  disk,  which 
are  plainly  visible  to  the  naked  eye.  These  breakers  appear  to 
consist  01  lines  of  waves  which  are  imdulating  in  paths  nearly 
normal  to  the  direction  of  propagation  of  the  breakers,  while 
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val  we  find  the  average  of  each  of  the  six  sets  of  differences  to 
be  respectively  1-78,  1-70,  1-64,  156,  1-54,  1-39,  and  the  aver- 
age  of  all  the  differences  to  be  1*59. 

Several  hypotheses  have  occurred  to  me  in  explanation  of 
this  phenomenon,  but  as  I  have  not  as  yet  been  able  to  put  them 
to  the  test  of  experiment  I  am  not  prepared  to  submit  any  of 
them,  though  I  intend  to  test  them  as  opportunity  offers.  As, 
however,  the  objects  for  which  this  station  is  created  does  not 
embrace  the  carrying  on  of  researches  for  purely  theoretical 
purposes,  it  may  be  some  time  before  the  desired  opportunity 
tor  experiments  occurs,  and  hence  I  desire  to  place  on  record 
this  preliminary  observation.  I  ought  to  add  however  that  the 
idea  has  suggested  itself  to  me  that  we  may  possibly  find  in 
this  phenomenon  a  means  for  distinguishing  between  and  per- 
haps measuring  the  effects  of  different  detonating  explosives. 

I  am  deeply  indebted  to  Commander  C.  F.  Goodrich, 
U.  S.  N.,  Inspector  in  charge  of  the  Torpedo  Station,  for  per- 
mission to  publish  this  account,  and  to  Mr.  Arendt  Angstrom, 
C.  E.,  for  tne  precise  drawings  used  in  figs.  1  and  3. 

Torpedo  Station,  Newport,  R.  I. 


Art.  VI. — Mode  of  Reading  Mirror  Galvanometers,  etc; 

by  R  W.  Willson,  Ph.D. 

In  physical  work  which  requires  the  observation  of  small 
angles  oi  deflection,  such  as  the  reading  of  a  reflectmg  gal- 
vanometer, it  is  sometimes  found  that  the  use  of  telescope 
and  scale  is  inconvenient  or  trying  to  the  eye,  while  the  method 
with  lamp  and  scale  has  other  disadvantages  beside  that  of  re- 
quiring a  darkened  room. 

In  many  such  cases  a  method  of  reading  may  be  used,  which 
I  do  not  remember  to  have  seen  described,  but  which  I 
have  found  so  useful  that  I  think  it  merits  description.  Though 
often  more  convenient  than  the  telescope  and  scale  it  does  not 
compare  with  the  latter  in  accuracv ;  out  in  this  respect  it  is 
not  much  inferior  to  the  spot  of  light,  while  it  is  n'ee  from 
some  of  the  most  objectionable  features  of  that  method. 

Replacing  the  telescope  by  a  peep  hole  ^ves  for  many  pui> 
poses  a  very  convenient  means  of  reading,  where  the  magnifying 

Sower  of  the  telescope  can  be  dispensed  with,  a  vertical  line  being 
rawn  on  the  surface  of  the  mirror  to  fix  the  sight  line.  A 
better  plan,  however,  consists  in  placing  in  front  of  the  mova- 
ble mirror,  and  as  near  it  as  possible,  a  good-sized  piece  of  thin 
plate  mirror,  from  half  of  which  the  silvering  has  been  re- 
moved, so  that  the  silvered  and  unsilvered  portions  meet  in  a 
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horizontal  line  which  crosses  the  center  of  the  movable  mir- 
ror ;  usually  the  reflecting  portion  is  placed  above,  as  shown  in 
fig.  1,  where  a  and  h  represent  the  silvered  and  nnsilvered  por- 
tions of  the  fixed  mirror  and  c  the  movahje  mirror. 
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The  instrument  is  so  adjusted  that  the  movable  miri'or  when 
in  its  position  of  rest  is  nearly  parallel  to  the  fixed  mirror. 
The  scale  used,  as  shown  in  fig.  2,  has  its  middle  division  line 
prolonged  downward  to  form  an  index;  this  scale  being  brought 
in  front  of  the  mirror,  the  eye  is  placed  at  the  proper  height 
to  see,  as  in  fig.  3,  the  image  of  tne  scale  in  the  upper  fixed 
mirror,  the  lower  ends  of  the  divisions  coincident  with  the 
lower  edge  of  the  silvering,  while  the  index  is  seen  nearly 
continuous  with  the  middle  line  of  the  scale,  but  reflected  from 
the  movable  mirror ;  any  deflection  of  the  latter  causes  the 
image  of  the  index  to  move  along  the  lower  edge  of  the  re- 
flected scale  by  an  amount  corresponding  to  the  double  angle 
of  deflection.* 

It  is  obvious  that  this  construction  does  not  interfere  with 
the  use  of  the  instrument  with  lamp,  or  telescope  and  scale, 
the  lower  portion  of  the  fixed  mirror  acting  as  the  usual  cover- 
ing glass ;  it  is  then  desirable,  however,  to  give  the  latter  a 
slight  forward  inclination  to  avoid  double  reflection ;  a  suflB- 
dent  inclination  may  be  given  with  the  leveling  screws,  with- 
out interfering  with  the  mode  of  reading,  above  described, 
unless  the  lines  of  the  graduation  are  very  short. 

*  A  simple  geometrical  oonsideration  shows  that  if  the  scale  reading  be  n,  the 
angle  of  deflection  a.  the  distance  of  the  scale  from  the  fixed  mirror  A,  and  the 

distance  between  the  two  mirrors  d,  tan  2as=  ——  - ;  A  and  d,  if  necessary,  cor- 
rected for  the  thickness  of  the  ^lass  in  the  usual  way. 
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The  advanta^  of  the  method  ariBes  mainly  from  the  natural 
and  easy  use  of  the  eye ;  to  secure  this  it  is  desirable  that  the 
scale  should  be  suflBciently  open  to  be  read  without  straining 
the  eye. 

The  fixed  mirror  should  be  as  large  as  possible,  especially  in 
the  horizontal  directfon,  to  facilitate  the  bringing  of  the  'eye 
into  the  proper  position  without  effort. 

It  is  also  important  if  the  movable  mirror  is  round  that  the 
line  of  division  between  the  silvered  and  unsilvered  surfaces 
shall  cross  it  nearly  in  a  diameter  in  order  that  the  position  of 
the  eye  may  not  be  too  much  restricted,  as  is  the  case  if  the 
line  is  veiy  short  in  which  the  fixed  and  movable  mirrors 
overlap.  W  here  it  is  practicable  a  rectangular  mirror  is  to  be 
preferred. 

Jefferson  Physical  Laboratory,  April,  1888. 


Art.  VII. — Bertrandite   from   Mt  AnterOy  Colorado;   by 

Samuel  L.  Penpield. 

This  rare  mineral  was  first  identified  as  a  new  species  by  M. 
E.  Bertrand*  from  the  study  of  a  few  small  crystals  collected  irom 
a  pegmatite  vein  at  Petit  Port,  near  Nantes,  France.  M.  Des 
Cloizeauxf  has  also  identified  the  mineral  at  the  gneiss  quar- 
ries at  Barbin,  near  Nantes,  while  M.  A.  Damourf  has  anal- 
yzed it  and  determined  its  composition  to  be  H,Be,Si,0, ;  he 
also  gave  to  it  tlie  name  Bertrandite.  The  mineral  has  since 
been  identified  by  R.  Scharizer§  at  a  feldspar  qnarry  near 
Pisek,  Bohemia,  where  it  occurs  lining  cavities  left  by  tibe 
decomposition  and  disappearance  of  beryl  crystals.  At  all  of 
these  localities  the  crystals  are  minute  and  are  found  only  in 
small  quantities.  The  crystalline  form  determined  by  Ber- 
trand and  Des  Cloizeaux  is  orthorhombic,  while  Scharizer  finds 
grounds  for  believing  that  the  crystals  are  monoclinic  with 
close  approximation  m  form  and  optical  properties  to  ortho 
rhombic  symmetry. 

The  single  hand-specimen  in  the  author's  possession  wag 
selected  by  Mr.  W.  B.  Smith,  of  Denver,  Col.,  from  a  lot  of 
material  collected  during  the  past  summer  at  Mt  Antero  in 
the  search  for  specimens  of  phenacite.  The  crystals  of  ber- 
trandite are  attached  to  quartz  which  is  associated  with  beryl 

♦  Bull.  Soc.  Min.  de  France,  iii,  1880,  p.  96. 
Bull.  Soc.  Min.  de  France,  v,  1882,  p.  176. 
Bull.  Soc.  Min.  de  Prance,  vi,  1883.  p.  252. 
Zeitschr.  Kryst.,  xlv,  1888,  p.  33. 
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Other  minerals  occurring  at  the  locality  are  phenacite,  ortho-  ' 
clase,  muscpvite  and  fluorite. 

The  crystals  are  little  rectangular  blades  6°^  long,  2°^  wide 
and  0-2-0'4°'°  thick.  The  largest  faces,  5  X  2°^°*,  correspond  to 
the  basal  plane  of  Bertrand  lengthened  out  in  the  direction  of 
the  brachy-axis,  a,  and  marked  oy  slight  striations  parallel  to 

the  shorter  diameter  or  macro-axis,  h .  Opposite  this  flat  basal 
plane  the  crystals  have  a  curved  surface  composed  of  the 
basal  plane  and  brachydomes  in  oscillatory  combination.  The 
3urved  surface  either  joins  the  basal  plane  directly,  forming  a 
sharp,  thin  edge  along  the  whole  length  of  the  crystal,  or  a 
narrow  brachypinacoid  is  present  between  them.  This  curious 
development  gives  to  the  crystals  a  hemimorphic  aspect  which  is 
very  characteristic  and  not  accidental ;  for  all  of  the  eight  or  ten 
crystals  on  the  specimen  were  of  this  same  character.  The 
^neral  shape  of  the  crystals  is  that  of  a  thin  slice  cut  from  the 
side  of  a  cylinder  parallel  to  its  axis.  The  crystals  are  attached 
at  one  end  and  are  terminated  at  the  free  end  by  a  macro- 
pinacoid.  The  observed  planes  are  therefore  the  three  pina- 
coids,  one  of  the  basal  planes  being  rounded  by  oscillatory 
combinations  parallel  to  the  brachy-axis.  The  faces  have  a 
good  luster,  that  of  the  basal  plane  being  pearly,  the  others 
vitreous.  They  are  not  well  suited  for  measurement.  There 
was  one  V-shaped  twin  in  the  specimen,  the  twinning  plane 
being  the  brachy-dome  031  (3  ^)  of  Bertrand.  The  flat  basal 
planes  formed  the  outside  limbs  of  the  V  and  made  an  angle  of 
61°  52'  with  one  another,  the  curved  surfaces  formed  the  re- 
entrant angle.  Similar  twins  are  described  by  Bertrand  with 
re-entrant  angle  of  about  60°.  Two  cleavages  were  identified, 
prismatic  and  basal,  both  highly  perfect.  The  measured  angles 
are  as  follows : 


Calculated : 

Bertrand 

90" 

58^ 

40' 

121° 

20' 

UQ** 

W 

120' 

50' 

c   /s  6   001  >v  010  approi.,  89*  54' 

m  A  m  110  A  1 10  both  cleavage,    59^  34' 
mAmllO^IlO     **  "  120^36' 

a  A  m  100  A  IlO  m  cleavage,      150*  60' 
c   a£  001  A  001  twin,  118°    8' 

These  values  differ  quite  widely  from  the  calculated  values 
of  Bertrand,  but  if  we  regard  the  cleavage  angle  m/Nm= 
59°  34'  as  good  (it  was  certainly  free  from  disturbing  influences 
3uch  as  striations)  and  couple  with  it  the  angle  of  the  twin 
rj^<j=118°  8',  we  obtain  the  axial  ratio  for  orthorhombic  axes 

c:  J:a=0-5953-:  1-  :  0-5723. 

The  important  measurements  of  Des  Cloizeaux  and  Scha- 
rizer,  with  the  values  calculated  from  the  above  axes,  are  : 
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b  ^m,  OlO/sllO 

a  /s  z,  100  A  130 
6  A  2,  010  >s  130 
z  aZ,    130 /s  130 

a  A  a.    100  A  100 


Det  Clolzeanx. 


59°  67' 

30"  ny 

129"  30'  (twin) 
60"  40'  (twin) 


Scharlzer. 

100  A 110,  er  13'  10* 

loo  A  1 10,    60"  12' 40' 


c  ac',  001  a  031 
b  ^e',  010a03I 
m^e,    110  A  031 

771  A  6, 

mAjy,    110a021 


It 


e  Aiy,  031  A  021 


001^301,  119"  15' 10' 

100  A  301,  28"  44'  20" 

110  A  301,  64"  34' 20* 

IlO  A  30l,  64"  27'  40' 

110  A  201,  67"  38' 30* 

IIOa^OI,  67°  37' 30' 

30l  ^  201,  10"  19^ 


Calcntoted. 

60'  13' 

Ii 

69*  47' 

30"  13' 

129'  34' 

60"  24' 

119'  15' 
29'  15' 
64"  ly 

67"  39' 
t»    t. 

10"  47' 


The  above  measured  angles  agree  very  well  with  the  calcu- 
lated values,  and  where  the  difference  is  large  the  reason  may 
be  found  in  the  uncertainty  of  the  measurements  made  on 
so  small  crystals.  Scharizer's  measurements  agree  about  as 
well  with  these  orthorhombic  values  as  with  his  own  calculated 
values  for  monoclinic  axes. 

I  cannot  give  a  reason  for  the  hemimorphic  development  of 
the  basal  plane.  If  Scharizer  is  correct  in  assuming  that  the 
crystals  are  monoclinic  with  the  brachy-axis  of  Bertrand  as  the 
ortho-axis,  such  a  development  might  result  from  twinning 
about  an  orthopinacoid,  one  basal  plane  being  converted  into 
a  curved  surface  by  oscillations  with  hemi-orthodomes,  sym- 
metrically situated  on  either  side  of  the  twinning  plane.  This 
would  require  for  ^=90°  28'  34''  (Scharizer's  value  for  the 
inclination  of  the  a  and  c  axes)  a  salient  angle  along  the 
twinning  line  on  the  base  of  180°  57'  which  could  not  be  de- 
tected. A  section  across  the  crystals,  parallel  to  Scharizer's 
clino-pinacoid,  should  also  show  an  inclined  extinction  which 
would  be  especially  marked  along  the  twinning  limit ;  a  sec- 
tion thus  prepared  shows  perfectly  normal  orthorhombic  sym- 
metry in  polarized  light. 

The  optical  properties  point  most  decidedly  to  orthorhombic 
symmetry.  The  obtuse  bisectrix  is  normal  to  the  basal  plane, 
tne  plane  of  the  optical  axes  is  the  brachypinacoid.  The 
divergence  of  the  optical  axes  measured  with  a  large  Fuese 
apparatus  in  the  Thoulet  solution  (7i=l-6503  foryeUow,  No, 
flame),  is 

2H=101°  10' foryeUow. 

Using  Bertrand's  mean  index  of  refraction  ^=1*569  we  get 

2V=108°  42' for  yellow. 

Bertrand  determined  2V=105''  8',  and  Scharizer  2V=108° 
31'.  The  dispersion  about  the  obtuse  bisectrix  is  marked  p>  v 
and  therefore  about  the  acute  bisectrix  p  <v.  A  section  pa^ 
allel  to  the  maeropinacoid  showed  the  acute  bisectrix  in  the 
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polarizing  microscope  but  it  was  too  small  and  fragile  to  trans- 
fer and  use  in  the  axial  angle  apparatus  The  acute  bisectrix 
is  axis  of  greatest  elasticity  and  the  double  refraction  is  there- 
fore negative. 

The  hardness  of  the  crystals  is  6-7.  They  scratch  feldspar 
readily,  and  with  care  can  be  made  to  scratch  quartz,  though 
they  are  apt  to  crush  owing  to  their  small  size  and  good  cleav- 
age. 

The  specific  gravity,  taken  with  the  Thoulet  solution,  is 
2-598.  Bertrand  found  2-593,  Damour  2-586,  and  Scharizer  2-55. 

By  sacrificing  all  but  one  of  the  small  crystals  and  scraping 
off  the  remnants  of  broken  crystals  from  the  quartz  I  succeeded 
in  obtaining  0*1259  grams  of  material  which  floated  on  the 
Thoulet  solution  at  2*610  and  sank  at  2*551  sp.  gr.  This 
was  subjected  to  a  very  careful  chemical  analysis  witn  the  fol- 
lowing results : 


Penfield. 

Damour. 

Theory 

for  HaBe4Sia09 

SiO.       61-8 

49-26 

50-42 

BeO       39-6 

4200 

42-02 

CaO         10 

H,0         84 

6-90 

7-56 

Fe,Os 

1-40 

100-8  99-56  100-00 

The  analysis  is  satisfactory  considering  the  small  quantity  of 
material  at  my  command.  The  BeO  which  was  precipitated 
with  ammonia  was  free  from  alumina  and  gave  the  character- 
istic beryllium  reactions.  The  mineral  lost  0-5  per  cent  by 
drying  at  100°  C.  and  1-40  per  cent  at  a  faint  red  heat.  The 
water  in  the  analysis  is  too  high,  and  probably  part  of  it  does 
not  belong  to  the  composition  of  the  mineral  The  micro- 
scopic sections  show  liquid  inclusions,  which  are  not  CO, 
and  are  probably  water,  which  may  account  for  some  of  the 
excess. 

It  is  probable  that  further  search  at  Mt.  Antero  will  yield 
more  specimens  of  this  mineral  and  better  material  for  study. 
It  is  interesting  to  find  this  rare  mineral  in  America  along 
with  the  phenacite  and  bervl. 

In  closmg  I  take  especial  pleasure  in  expressing  my  thanks 
to  Mr.  W.  fi.  Smith  for  giving  me  the  specimen  for  carrying 
on  this  investigation. 

Mineralogical  Laboratory,  ShefQeld  Scientific  School,  May  14, 1888. 
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Art.  VIII. — Some  Localities  of  Post-Tertiary  and  Tertiary 
Fossils  in  Massachusetts ;  by  W.  W.  Dodge. 

In  1851,  Mr.  William  Stimpson  described  an  occurrence  of 
fossils  at  Point  Shirley,  on  the  north  side  of  Boston  harbor. 
A  list  of  species  ^was  given,  and  it  was  noted  that  the  most 
common  of  the  fossils  were  deep  water  and  northern  forms.* 

Not  Quite  a  mile  north  of  the  hill  which  appears  to  have 
been  reierred  to,  stands  Winthrop  Head,  a  hil>  about  105  feet 
high,  as  determined  by  the  Coast  Survey.  It  seems  to  have  had 
formerly  an  oval  base  with  its  longer  diameter  directed  a  little 
north  of  west  and  south  of  east,  but  has  lost  nearly  half  its 
mass  owing  to  the  action  of  the  sea  at  its  eastern  foot  Its 
southern  slope  is  somewhat  steeper  than  the  northern.  It  has 
been  mentioned  as  one  of  the  lenticular  hills  of  the  vicinity, 
— a  mistake  easily  made,  for  much  of  that  portion  of  the 
material  of  the  lull  formerly  exposed  is  hard,  compact,  blue 
clay  with  little  indication  of  bedding. 

About  five  years  aco  a  railroad  was  built  around  the  eastern 
foot  of  the  Head,  and  the  excavations  required  to  make  room 
for  it  above  tide-level  gave  a  vertical  exposure  of  some  feet  in 
thickness  of  the  lower  strata  composing  the  hill. 

The  lowest  bed  cut  into  (exposed  to  a  little  below  the  rail- 
road grade),  was  somewhat  arched,  and  consisted  of  loose, 
clean,  rather  fine  gravel  filled  with  small  fragments  of  shells. 
Venits  mercena/ria  and  Ca/rdium  Islandicum,  (?)  were  the  only 
shells  identifiable  with  any  reasonable  degree  of  certainty 
among  the  fragments. 

Above  this  gravel  or  sand,  succeeded  a  hard,  clayey  gravel 
containing  larger  fragments.  Vemis  mercenaria  *  and  Mya 
arenaria  were  most  abundantly  represented.  Single  speci- 
mens of  Cardita  borealisy  Tapes  flicctuosa  (?)  and  a  small  gas- 
teropod  somewhat  resembling  Lacuna  neritoidea  completed 
the  list  of  fossils  observed  during  a  short  stay  at  the  spot. 
This  notice  of  the  locality  has  been  delayed  from  year  to  year 
in  the  hope  of  adding  to  the  enumeration. 

Higher  up  on  the  bluff,  the  stratification  in  the  hard,  blue 
clay  soon  becomes  completely  obscured,  but  bits  of  shell  may 
be  seen  embedded  here  and  there  in  places  where  running  water 
furrows  the  slope  and  leaves  projecting  ridges  of  material 
undisturbed  in  position.  Above  the  blue  clay,  red  gravel  forms 
the  upper  portion  of  the  hill. 

Most  of  the  thirteen  species  named  by  Mr.  Stimpson  as 
occurring  at  Point  Shirley  have  also  been  found  as  fossils  else- 

*  Proceediugs  of  thj  Boston  Society  of  Natural  History,  vol.  iv,  p.  9. 
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where  in  New  England,  about  half  of  them  at  Nantucket. 
According  to  the  assignment  of  synonymy  and  distribution  in 
Messrs.  Verrill,  Smitn  and  Harger's  catalogue*  six  of  the 
species  now  extend  southward  to  Florida,  one  each  to  the 
Carolinas,  thr^e  to  New  Jersey,  one  (common  north  of  Cape 
Cod),  does  not  appear  in  Vineyard  Sound  ;  in  the  other  direc- 
tion, three  reach  trie  Arctic  ocean,  one  Greenland,  three  Labra- 
dor, two  the  Gulf  of  St.  Lawrence,  three  Massachusetts  Bay. 
Two  remain  below  low-water  mark,  one  is  almost  confined  to 
sandy  places ;  a  large  majority  may  be  found  in  the  colder 
waters  of  the  ocean  shores  as  well  as  in  the  bays,  etc.,  but 
three  prefer  the  sandy  or  muddy  shores  and  bottoms  of  sounds, 
bays  and  estuaries.  Venue  mercenaria  is  of  this  last  group. 
Tfie  apparent  prominence  of  this  species  at  Winthrop  Head  is 
doubtless  partly  referable  to  the  solidity  of  its  shell  and  the 
consequent  endurance  of  the  same  in  recognizable  form  where 
other  shells  were  broken  up  or  decayed. 

Tertiary  of  Southeastern  Massa^htcsetts. 

The  dredging  for  the  Cape  Cod  canal  in  Sandwich  has 
brought  up  fragments  of  bone  similar  to  those  found  at  Gay 
Head.  No  published  notice  of  this  fact  has  come  to  the 
writer's  attention.  It  is  to  be  hoped  that  the  opportunity  for 
observation  has  been  or  will  be  duly  utilized  by  some  one  in 
the  interests  of  science. 


Art.  IX. — A  Cordierite  Gneiss  from  Connecticut  /  by  E.  O. 

HOVEY. 

Cordierite,  or  iolite,  has  long  been  known  to  occur  at 
Haddam,  Ct.,  where  it  is  found  "  associated  with  tourmaline  in 
a  granitic  vein  in  gneiss."  It  has  also  been  reported  as  being 
abundant  in  quartz  in  the  gneiss  north  of  Norwich,  Ct.,  and  at 
Brimfield,  Mass.  No  true  cordierite  gneiss,  however,  has 
heretofore  been  reported  from  this  country.  A  gneiss  of  this 
kind  was  recently  found  by  the  writer  in  the  town  of  Guil- 
ford, sixteen  miles  east  of  New  Haven,  while  in  search  of  gar- 
nets and  vesuvianite.  The  outcrops  begin  on  the  western  side 
of  a  hill  375  ft.  east  of  the  Guilford-Durham  turnpike,  about 
two  and  a  half  miles  north  of  the  railway  station  on  the  farm 
of  Richard  Woodruff ;  the  line  of  ledges  was  traced  for  a 
fifth  of  a  mile.  The  general  course  of  the  ledges  is  N.  15° 
W.  (true),  while  the  strike  of  the  bedding  of  the  rock  seems 
to   be  N.  25°  W.,  which  gives  them   a  calculated   aggregate 

♦  Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,  etc.,  1874. 
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width  of  more  than  175  feet.  Their  vertical  faces  are  from 
five  to  fiftecD  feet  in  height.  The  cordierite  is  more  thickly 
disseminated  through  the  rock,  and  is  in  larger  grains  in  the 
southern  ledges  than  it  is  in  the  northern.     The  rock  is  com- 

fosed  of  biotite,  quartz,  and  cordierite,  with  some  plagioclase. 
n  the  hand  specimen  the  cordierite  has  a  deep  blue  color, 
and  shows  its  characteristic  dichroism  plainly.  In  a  thin 
section  it  is  clear  and  almost  free  from  altaration,  has  a  deli- 
cate violet  tint  which  readily  escapes  detection,  and  is  with- 
out perceptible  dichroism.  No  optical  characters  other  than 
those  noted  by  Rosenbusch  were  observed.  Acicular  inclu- 
sions of  sillimanite  are  abundant,  but  they  are  arranged  with- 
out apparent  accordance  with  any  law.  They  serve  as  a  con- 
venient means  of  distinguishing  most  of  the  cordierite  from 
the  quartz,  which  it  closely  resembles.  The  axial  figure  is  ex- 
cellent and  is  easy  to  get. 

A  few  rods  west  of  the  line  of  ledges  of  cordierite  gneiss, 
and  with  the  same  general  course,  there  is  a  ledge  of  horn- 
blende schist  and  gneiss  containing  numerous  veins  of  garnet 
associated  with  vesuvianite  of  a  dark  green  color.     The  vesuvi- 
anite  occurs  massive  in   the  veins,  showing  few  crystalline 
planes  and  those  mostly  prismatic.      The  garnet  also  is  mas- 
sive, but  it  shows  many  crystalline  points  of  clear  material ; 
its  color  is  yellowish  red,  and  its  appeaVance  entirely  different 
from  that  of  the  deep  red  individual  garnets  which  are  so 
common   in   the  gneiss.      The    latter   usually   show   the-  2-2 
planes  most  prominently,  while  in  the  former  the  /  plaaes 
modified  by  the  3-f  predominate.     The  veins  vary  from  half 
an  inch  to  four  inches  in  width,   coincide  with  the  bedding 
of  the  raeiss,  and  are  seen  for  only  100  feet  on  the  east  side 
of  a  ledge  but  fifty  feet  wide.     No  cordierite  was  found    in 
this  ledge.     Many  garnets  of  value  as  gems  have  been  taken 
from  the  ledge  in  the  last  six  years.     A  quarter  of  a  nail* 
northeast  of  this  point  coarse  blacK  tourmalines  occur  in  a  v^ein 
in  quartz. 

Percival  puts  the  gneiss  of  this  region  into  his  "  Anthopb^^l* 
lite  Formation,"  which  includes  the  famous  Haddam  localitjy, 
about  fifteen  miles  northeast  of  the  locality  here  described. 

Magnetite  in  good  octahedral  crystals  \  in.  to  1  in.  in  diaiii.^' 
ter  occurs  in  the  school  district  of  Nut  Plains,  town  of  Gu  i  1" 
ford.  The  locality  has  long  been  known  to  the  inhabitants  ^cr>i 
the  district.  It  is  a  ledge  of  gneiss  on  the  north  side  of  tl  ^^ 
North  Madison  road,  half  a  mile  east  of  the  Nut  Plains  scho-^^^ 
house.  The  ledge  is  a  few  rods  east  of  a  ruined  farm  houi 
and  near  a  large  brook. 

Yale  University,  May  28th,  1888. 
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Abt.   X. — The  Flow  of  Solids:  A  Note;  by  William 

Hallock. 

The  justice  of  Mr.  Spring's*  protest  against  a  part  of  my  ori- 
ginal paper  I  am  glad  to  admit,  as  far  as  it  concerns  an  ill-advised 
use  of  terms,  and  a  consequent  misrepresentation  of  his  views, 
of  course  entirely  unintentional.  Not  realizing  that  many  were 
not  so  familiar  with  Mr.  Spring's  works  as  myself,  I  neglected  in 
the  brief  paper  to  give  hb  views,  and  thus  mv  deductions  from 
his  results  seemed  to  represent  his  own  conclusions. 

The  object  of  my  original  investigationf  was  a  solution  of  the 
(question  whether  pressure  alone  is  capable  of  producing  true 
liquefaction  ;  many  have  certainly  believed  so,  or  even  do  believe 
so,  and  a  few,  at  least,  including  myself  saw  in  Mr.  Spring's 
earlier  results  evidence  of  such  a  possibility.  I  believe  that  to 
produce  such  phenomena,  as  some  recrystallizations,  and  diffu- 
sion, an  increase  in  the  freedom  of  motion  of  the  molecule,  an 
increased  diffusibility,  i.  e.,  the  beginning  of  a  liquefaction,  is 
indispensable.  Hence  I  looked  upon  his  results  as  pointing  to  a 
liquefaction  by  pressure.  My  own  experiments  with  the  same 
substances  and  pressures  showed  the  impossibility  of  liquefying 
them  by  pressure  and  even  brought  out  an  enormous  increase  in 
the  rigidity  of  beeswax  and  paraffin  under  such  pressures.!  In 
concluding  I  wished  only  to  call  attention  to  the  difference 
between  Mr.  Spring's  remits  and  my  own,  but  unfortunately  a 
loose  and  abbreviated  quotation  caused  the  misunderstanding, 
which  I  wish  to  explain. 

Since  obtaining  my  own  results  there  seems  to  me  little  doubt 
that  many,  at  least,  of  Mr.  Spring's  effects  are  caused  rather  by  a 
motion  underpressure,  a  kneading,  as  it  were,  and  by  the  regrind- 
ing.  The  holders  in  which  his  compressions  were  m^ide  were  not 
tight  and  the  most  perfect  welding§  always  took  place  at  the 
surface  of  the  block,  or  the  comers,  or  where  the  material  was 
forced  into  the  cracks,  often  even  while  the  center,  under  equal 
pressure,  remained  almost  unaffected.  My  holders  were  tight, 
allowing  no  leaking  or  motion,  and  the  substances  showed  scarcely 
a  trace  of  a  welding  under  pressure.  I  must  therefore  reiterate 
that  which  I  wished  originally  to  impress,  namely  that  the 
majority  of  Mr.  Spring's  results  are  not  produced  by  simple  cubic 
static  pressure. 

In  the  cases  of  chemical  action  and  the  formation  of  alloys,  I 
believe  that  the  motion  under  pressure  will  be  found  to  be  the  all 
important  factor,  perhaps  just  as  stirring  assists  diffusion  to  com- 

♦  W.  Spring,  this  Journal,  xxxv,  1888,  p.  78.  also  Bull,  de  I'Acad.  R.  Belg.,  xiv, 
1887,  p.  585. 

f  W.  HaUock,  this  Journal,  xxxiv,  p.  277,  1887. 

1  Compare  also  Ordnance  Dep't  Tests  of  Metals,  etc.,  1884.   Gov't  Printing  Office. 

§  W.  Spring,  Bull  d.  TAcad.  R.  Belg.,  xlix,  p.  352,  1880.  PTiosphore  amorphe  et 
seq. 
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pletely  mix  two  liqaids.  Even  if  blocks  of  barium  sulphate  and 
of  sodium  carbonate*  were  brought  into  actual  chemical  contact, 
I  think  no  one  would  expect  that  simple  diffusion  would  complete 
the  interchange  of  bases  and  acids  in  finite  time  so  long  as  Voth 
substances  remained  solid  ;  nor  that  a  piece  of  copper  and  of  tin 
soldered  together  would  diffuse  and  form  a  homogeneous  bronze ; 
nor  would  they  expect  that  simple  cubic  static  pressure  would 
promote  these  reactions  ;  if  pressure  will  assist  them  to  comple- 
tion, it  will  increase  the  diffusibility  of  solids,  increase  the 
freedom  of  motion  of  their  molecules,  that  is,  it  will  make  them 
more  like  liquids,  will  begin  to  liquefy  them. 

I  wish   to   refer   here    to   a   new   law   I  recently   proposedf 
concerning   the   formation  of  alloys,  where  the  fact  is  brought 
out  that  the  melting  point  and  liquidity  of  the  product  are  quite 
as  important  as  those  of  the   constituents   in  determining  the 
possibility  of  a  reaction.     Mr.  SpringJ  has  produced  Wood's  alloy 
by  compressing  the  constituents  together,  and  quotes  Mr.  Ronma§ 
as  having  failed  to  obtain  fine  platinum  wire   by  electro-silver- 
plating  a  platinum  wire,  drawing  it  down  and  dissolving  off  the 
silver  in  nitric  acid,  because  the  silver  and  platinum  alloyed  under 
the  pressure  of  the  draw  plate.     Messrs.  W.  &  L.  E.  Gurley,  of 
Troy,  N.  Y.,  have  for  several  years  made  fine  platinum  wires  by 
the  well  known  Wollaston||  method  of  coating  silver  around  the 
nlatinum  and    treating   as  above.      In    the   note   referred    tof 
I  have  described  the  production  of  Wood's  alloy  without  pressure 
at  100°  C.  of  a  tin-lead  alloy  at  190°  C.  of  the  sodium-potassium 
alloy  at  ordinary  temperatures,  etc.     Hence  it  appears  to  me  that 
pressure  alone  is  the  least  important  factor  in  the  production  of 
the  effects  obtained  in  Mr.  Spring's  investigation. 


SCIENTIFIC     INTELLIGENCE. 
I.    Chemistry  and  Physics. 

• 

1.  Modern  Theories  of  Chemistr// ;  by  Dr.  Lothab  Mby£R. 
Translated  from  the  German  (5th  edition)  by  P.  Phillips  Bedson, 
D.  Sc,  etc.,  and  W.  Carlton  Williams,  B.  Sc,  etc.  8vo.,  pp.  xliy, 
588.  London,  1888.  (Lonsjnians,  Green  <fe  Co.)  The  present 
English  edition  of  Lothar  Meyer's  excellent  boo^  will  be  warmly 
welcomed  by  American  chemists,  to  many  of  whom  it  is  already 
well  known  in  the  original.  No  better  evidence  of  the  high  ap- 
preciation in  which  it  is  held  abroad  can  be  given  than  the  fact 

♦  W.  Spring,  Bull.  Soc.  Chem.,  xliv,  p.  166,  1885. 

t  W.  Hallock,  Science,  Mar.  2,  1888,  xi,  p.  100,  also  Ostwald.  Zeitschr.  f.  Phys. 
Chem.,  vol.  ii,  1888. 

fW.  Spring,  Ber.  der  deutsch.  Chem.  Gesell.,  xv,  p.  595,  1882.     §Ibid. 
Ganot's  Physics,  Atkinson,  New  York,  p.  76,  1883. 
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that  a  fifth  edition  has  been  called  for  so  soon  after  the  fourth 
was  issued.  In  the  first  edition,  as  the  author  tells  us,  the  chief 
aim  was  to  show  not  only  that  hypotheses  and  the  theories  based 
upon  them  are  necessary  aids  to  chemical  investigation,  but  at  the 
same  time  to  assign  to  them  their  true  value  and  to  place  them 
in  a  position  similar  to  that  which  they  occupy  in  theoretical 
physics.  But  this  aim  was  an  ephemeral  one  since  it  was  local 
in  time.  The  fourth  edition  was  therefore  completely  revised  and 
rewritten  so  as  to  give  an  account  of  the  latest  development  of 
chemical  theories  and  at  the  same  time,  by  giving  the  more  im- 
portant empirical  data,  to  make  the  theoretical  conclusions  arrived 
at  easier  to  follow  and  to  render  clearer  the  causes  leading  to 
their  foundation.  This  edition  was  divided  into  three  books; 
the  first  dealing  with  atoms  and  their  properties,  the  second  with 
the  Statics  of  the  atoms  or  the  doctrine  of  the  equilibrium  of  the 
atoms  in  their  combinations  with  one  another,  and  the  third  with 
the  Dynamics  of  the  atoms  or  the  doctrine  of  chemical  change. 
With  reference  to  the  title  the  author  says  :  "  I  do  not  in  the 
least  agree  with  the  use  of  the  terra  ^modern*  when  referring  to 
^chemUtry^  but  only  as  I  have  used  it  in  reference  to  the  ''theories*; 
for  in  my  opinion  no  change  has  been  efifected  in  chemistry  in  the 
last  hundred  years,  with  perhaps  the  single  exception  of  the  pas- 
sage from  the  phlogistic  to  the  antiphlogistic  system,  which  has 
been  of  so  revolutionary  a  character  as  to  justify  a  line  of  de- 
marcation between  an  old  and  a  new  or  modern  chemistry."  The 
fifth  edition  differs  from  the  fourth  chiefly  in  the  use  of  atomic 
weights  recalculated  by  the  author  and  Dr.  Seubert,  in  certain 
abridgAents  in  the  second  book,  and  in  certain  changes  in  the  third 
book,  particularly  relating  to  the  thermal  phenomena  accompany- 
ing chemical  action  and  to  the  action  of  mass.  The  sections  now 
found  in  Part  First  treat  of  "  The  Atomic  Hypothesis,"  "  The  Spe- 
cific Gravity  of  Gases  as  an  aid  to  determine  Atomic  Weights," 
"Determination  of  Atomic  Weights  by  the  aid  of  the  Specific 
Heat  in  the  Solid  State,"  "  Determination  of  Atomic  Weights  by 
aid  of  Isomorphism,"  and  "Chemical  Atoms."  Those  in  Part 
Second  are  :  "  Forms  of  Combinations  of  the  Atoms ;  Types," 
"  Law  of  Atomic  Linking,"  "  Molecular  Weight  and  Atomic 
Linking  of  those  Bodies  to  which  Avogadro's  law  cannot  be 
applied,"  and  "  The  Chemical  Value,  Valency,  or  the  Capacity 
of  Saturation  of  the  Atoms."  The  sections  in  Part  Third  are  : 
"  Chemical  Change  and  its  Causes,"  '*  Chemical  Change  pro- 
duced by  Mechanical  Disturbance,"  "  Heat  as  Cause  and  Ef- 
fect of  Chemical  Change,"  ''Influence  of  Mass  on  Chemical 
Action,"  "Chemical  Action  of  Light,"  "Chemical  Change  as 
a  Cause  and  Effect  of  Electricity ;  Electrolysit,"  and  "  Stability 
of  Chemical  Compounds."  These  subjects  are  treated  with 
the  ability  and  thoroughness  characteristic  of  the  author,  who  has 
himself  contributed  so  largely  by  his  own  investigations  to  estab- 
lish some  of  the  most  important  conclusions  reached.  So  that  as 
a  whole  the  book  seems  to  us  one  of  the  most  important  chemical 
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pablications  which  has  appeared  in  recent  times.  We  think  the 
time  has  come  however  for  using  the  terms  '*  atomic  mass "  and 
** molecular  mass"  in  place  of  atomic  weight  and  molecular 
weight.  It  would  accord  with  present  practice  too,  if  den- 
sity were  given  in  absolute  measure  instead  of  being  referred  to 
the  air  standard.  The  translation  is  one  of  rare  excellence  and 
Dr.  Bedson  and  Mr.  Williams  deserve  the  thanks  of  English- 
speaking  chemists  not  only  for  producing  Dr.  Lothar  Meyer> 
book  in  its  English  dress  but  for  presenting  it  in  so  acceptable  t 
form.     The  mechanical  execution  of  the  book  is  excellent. 

6.  F.  B. 

2.  On  an  Experiment  to  illustrate  Valence, — Lkpsius  has  con- 
trived a  lecture  apparatus  for  demonstrating  the  valence  of  the 
metals,  based  upon  the  method  adopted  by  Nilson  and  Petterson 
to  determine  the  atomic  weights  of  the  rare  elements  ;  i.  e.,  heat- 
ing a  weighed  quantity  of  the  metal  in  dry  hydrogen  chloride  gas 
and  measuring  the  hydrogen  set  free.  In  a  combustion  tube  40^. 
long,  pieces  of  thallium,  of  zinc  and  of  aluminum  are  placed,  about 
10"°  apart;  the  weight  in  each  case  corresponding  to  doable  the 
atomic  weight  in  milligrams;  i.  e.,  408"*""*  thalliam,  113m?™* 
zinc  and  54°*^^"*  aluminum.  The  hydrogen  chloride  is  evolved 
by  the  action  of  strong  sulphuric  acid  on  a  piece  of  ammon- 
ium chloride  and  is  carefully  dried  by  passing  it  through 
sulphuric  acid.  The  hydrogen  is  collected  in  an  apparatus  like  a 
Hofmann  apparatus  for  decomposing  water,  but  which  has  three 
graduated  tubes,  the  whole  rotating  in  a  socket  containing  mer- 
cury so  that  the  gas  may  be  sent  into  either  of  the  tubes  at  will. 
The  three  tubes  are  filled  with  a  dilute  soda  solution.  In  perform- 
ing the  experiment  the  thallium  is  first  heated  with  a  Bnosen 
burner  and  the  hydrogen  collected  in  one  of  the  three  tubes.  Then 
the  zinc  is  similarl}*^  heated  and  after  that  the  aluminum,  the  evolved 
gas  being  collected  in  the  second  and  third  tubes.  The  hydrogen 
m  the  first  tube  will  occupy  22-32^%  that  in  the  second  44'62<^%  and 
that  in  the  third  67*86*'^;  the  ratio  of  the  three  being  1  :  2 :  3,  or 
that  of  the  valence  of  the  metals  used. — Ber,  Berl,  Chem,  Gee,^ 
xxi,  552-561,  Feb.,  1888.  G.  F.  B. 

3.  On  the  action  of  Hydrogen  sulphide  on  Arsenic  acid. — ^The 
action  of  hydrogen  sulphide  on  arsenic  acid  has  been  studied  by 
Branxeb  and  Tomicek.  They  conclude:  1st,  that,  other  things 
being  equal,  more  arsenic  pentasulphide  is  formed  (a)  the  larger 
the  quantity  of  hydrochloric  acid  present,  (h)  the  larger  the  quan- 
tity  of  hydrogen  sulphide  put  into  the  solution  in  a  unit  of  time, 
and  (c)  the  lower  the  temperature  (between  0°  and  100°);  and  2d, 
that,  in  consequence  of  the  reducing  action  of  the  hydrogen  sul- 
phide, more  arsenic  trioxide  is  formed  (a)  the  less  hydrochloric  acid 
there  is  present,  (h)  the  smaller  the  quantity  of  hydrogen  sulphide 
and  (c)  the  higher  the  temperature.  Hence  when  a  rapid  current 
of  hydrogen  sulphide  is  passed  into  a  solution  of  arsenic  acid  arsenic 
pentasulphide  alone  is  formed,  though  but  slowly  if  free  hydro- 
chloric acid  is  present  and  the  liquid  is  kept  warm. — J.  Uhem. 
Soc,  liii,  145-159,  Feb.,  1888.  G.  F.  b. 
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Elements  and  Meta-elements, — In  his  annual  address  as  Pres- 
to of  the  Chemical  Society,  Mr.  Cbookes  has  continued  the 
ission  upon  the  nature  of  the  elements  which  he  began  in  his 
ess  at  Birmingham.     What  is  the  criterion  of  an  element, 
how  is  the  line  to  be  drawu  between   identity  and  distinct 
ence?     Oxygen,  sodium,  sulphur,  chlorine,  are  concededly 
rate  elements ;  and  so  are  chlorine,  bromine  and  iodine.     But 
here  degrees  of  "  elementicity  '*  may  be  assumed,  since  chlo- 
is  much  closer  to  bromine  than  it  is  to  oxygen,  sodium  or 
lur.      Nickel    and   cobalt   rank  as   distinct   elements;    but 
d   this  have  been  the  case  had  their  compounds  been  identi- 
n  color  ?    Passing  to  the  rare  earth  elements,  the  ground  un- 
)ur  feet  is  less  secure.     Even  if  scandium,  ytterbium,  etc.,  be 
itted  to  the  list  of  elements,  what  can  be  said  for  neo-  and 
?o-didymium,  whose  chief  chemical  claim  to  individuality  is 
tin   slight  differences   in   basicity   and   crystallizing  power, 
gh    their    physical    differences    spectroscopically    are   well 
ced.     If  we  admit  these,  how  can  we  exclude  the  series  of 
es  discovered   by  Krttss  and  Nilson,  or  those  into  which  yt- 
a,  erbium,  samarium,  etc.,  have  been  and  are  being  split  up  ? 
)  *'the  different  groupings  shade  off  so  imperceptibly  the  one 
the  other  that  it  is  impossible  to  erect  a  definite   Doundary 
'een  any  two  adjacent  bodies  and  to  say  that  the  body  on 
side  of  the  line  is  an  element,  whilst  tne  one  on  the  other 
is  non-elementary,  or  merely  something  which  simulates  or 
>ximates  to  an  element."     "  Slight  chemical  differences,  of 
e,  are  admitted,  and,  up  to  a  certain   point,  so  are  well- 
ed  physical   differences.      What  are  we  to  say,  however, 
the  only  chemical  difference  is  an  almost  imperceptible  ten- 
for  the  one  body — of  a  couple  or  of  a  group — to  precipitate 
the  other?     Again,  there  are  cases  where  the  chemical  dif- 
»8  reach  the  vanishing  point,  although  well-marked  physical 
)ces  still  remain.     Here  we  stumble  on  a  new  difficulty : 
obscurities,  what  is  chemical  and  what  is  physical  ?     Are 
entitled  to  call  a  slight  tendency  of  a  nascent  amorphous 
ate  to  fall  down  in  advance  of  another  a  *  physical  differ- 
And  may  we  not  call  colored   reactions  depending  on 
mt  of  some  particular  acid  present  and  varying  accord- 
e  concentration  of  the  solution  and   to  the  solvent  ap- 
lemical  differences  ? '     I  do  not  see  how  we  can  deny 
•y  character  to  a  body  which  differs  from  another  by 
ed  color-  or  spectrum  reactions,  whilst  we  accord  it  to 
ody  whose  only  claim  is  a  very  minute  difference  in  ba- 
."     In  answer  to  the  question,  how  minute  differences 
ubstance  to  be  admitted  as  an  element,  the  author  clas- 
as  follows:  (1)  Two  closely  allied  substances  differing 
basic   powers  and   more  decidedly  in   spectrum  reac- 
1  as  erbium  and  holmium,  erbium  and  yttrium;  sama- 
idymium ;  these  are  probably  chemical  entities.     (2) 
nces  which,  like  the  white  and  yellow  components  of 
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cerium,  have  no  distinct  spectrum  reaction  and  differ  in   basicity 
so  slightly  that  their  separation  has  not  been  possible,  and  yet 
have  differently  colored  oxides;  these  the  author  would  concede 
to  be  elements.      (3)  Two  substances,  obtained  frooi  different 
minerals,  which  have  no  recognizable  chemical  differences,  bat 
the  phosphorescent  spectrum  of  one  having  a  strong  line  which  is 
absent  in  that  of  the  other;  as  the  yttria  from  samarakite  and 
that  from  gadolinite.     (4)  An  earth  like  yttria  or  samaria  having 
a  definite  phosphorescent  spectrum,  and  which  is  separable  only 
with  enoimous  difficulty  from  its  associates,  but  to  which  the  ad- 
dition of  another  substance  greatly  intensifies  one  or  more  of  the 
lines  of  its  spectrum,  the  others  remaining  unaffected.     Is  such 
an  earth  simple  or  compound  ?     (5)  An  earth  which,  like  calciam 
sulphate,  showing  no  difference  oti  fractionation,  has  a  phosphor- 
escent spectrum  not  materially  modified  by  admixture,  but  the 
residual  glow  of  one  part  of  which  is  suppressed  as  seen  in  the 
phosphoroscope,  while  the  rest  is  unaffected.      (6)  Earths,  like 
yttrium   obtained   from   different  minerals,  which   behave  alike 
both  chemically  and  spectroscopically,  except  that  in  the  spec- 
trum of  the  one  a  certain  line  is  a  little  brighter  than  it  is  in  that 
of  the  other.     The  difficulty  arising  from  the  periodic  theory, 
Mr.  Crookes  obviates  by  suggesting  the  use  of  the  term,  "ele- 
mentary group"  for  '*  element."     "  Let  us  say,  e.  g.,  the  smallest 
ponderable   quantity  of  yttrium   is   an   assemblage  of  ultimate 
atoms  almost  infinitely  more  like  each  other  than  they  are  like 
the  atoms  of  any  other  approximating  element.     It  does  not  nec- 
essarily follow  that  the  atoms  shall  all  be  absolutely  alike  among 
themselves.      The  atomic  wcisht  which   we  ascribe  to  vttrium 
therefore  merely  represents  a  mean  value  around  which  the  actual 
weights  of  the  individual  atoms  of  the  *  element '  range  within 
certain  limits.     But  if  my  conjecture  is  tenable,  could  we  separate 
atom  from  atom  wh  should  find  them  varying  within  narrow  limits 
on  each  side  of  the  mean."     Considering  the  process  of  fractional 
precipitation,  as  when  to  a  dilute  solution  of  yttrium,  dilute  am- 
monia is  added  in  quantity  sufficient  to  precipitate  only  half  of 
the  yttria,  **  the  problem  is  not  whi/  a  precipitate  is   produced, 
but  what  determines  or  directs  some  atoms  to  fall  down  and  oth- 
ers to  remain  in  solution.     Out  of  the  multitude  of  atoms  present, 
what  power  is  it  that  directs  each   atom   to  choose  the  proper 
path  ?     We  may  picture  to  ourselves  some  directive  force  passing 
the  atoms  one  by  one  in  review,  selecting  one  for  precipitation 
and   another   for  solution  till   all   have  been  adjusted.     In  order 
that  such   a  selection  can   be  effected   there  evidently  mast  be 
some  slight  differences  between  which  it  is  possible  to  select,  and 
this  difference  almost  certainly  must  be  one  of  basicity,  so  slight 
as  to  be  imperceptible  by  any  test  at  present  known,  but  suscept- 
ible of  being  nursed  and  encouraged  to  a  point  where  the  differ- 
ence can  be  appreciated  by  ordinary  tests."     To  make  clearer 
this  deviation  from  absolute  homogeneity,  the  author  goes  back 
to  the  earliest  dawn  of  the  material  universe,  finds  '^  an  infinite 
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liumber  of  immeasurably  small  ultimate  or  rather  ultimatissimate 
panicles  gradually  accreting  out  of  '  formless  stuff,'  and  moving 
"With  inconceivable  velocity  in  all  directions.     We  find  those  parti- 
cles which  approximately  have  the  same  rate  and  modes  of  move- 
ment beginning  to  heap  themselves  together  by  virtue  of  that  ill- 
understood  tendency  through  which  like  and  like  come  together." 
One  of  the  first  results  of  this  massing  tendency  is  the  forma- 
'  tion  of  certain  nodal  points  in  space,  between  which  occur  ap- 
proximately void  intervals.     The  first  step  in  differentiation  hav- 
ing been  achieved,  the  ultimate  particles  have  commenced  to  vi- 
brate in  their  new-born  energy  in  all  directions  and  with  veloci- 
ties ranging  from  zero  to  infinity.     "  The  slower  particles  will 
obstruct  the  quicker,  the  more  rapid  will  rush  up  to  the  laggards 
^  front,  and  we  shall  soon  have  groups  forming  in  different 
parts  of  space.      The  constituents  of  each  group  whose  rate  of 
vibration  is  not  in  accord  with  the  mean  rate  of  the  bulk  of  the 
<5oniponents  of  that  group  will  work  to  the  outside  and  be  thrown 
off,  to  find  other  groups  with  which  they  are  more  in  harmony. 
In  time,  therefore,  a  condition  of  stability  is  established  between 
the  varit)us  groups,  and  we  may  call  these  the  molecules  of  our 
present  system  of  elementary  bodies."     Supposing  the  constitu- 
ent atoms  of  these  molecules  not  to  have  been  gifted  originally 
with  exactly  the  same  speed  or  amplitude  of  vibration,  they  will 
form  a  group,  collected  around  the  mean  value,  these  groupings 
^presenting  what  are  at  present  called  elements,  but  which  the 
author  conjectures  may  be  made  up,  each  of  an  element  and  of  a 
<5€rtain  number  of  meta-elements,  or  each  of  a  whole  group  of 
meta-elements.     In  considering  the  question  of  periodicity,  Mr. 
Crookes  modified  somewhat  the  diagram  of  his  Birmingham  ad- 
dress^      There  the  action  of  the  two  forces  upon  the  original  pro- 
tyle  Mras  pictured,  "one  being  time,  accompanied  by  a  lowering 
01  texxjp^rature;   the  other,  swinging  to  and  fro  like  a  mighty 
pendnlam  having  periodic  cycles  of  ebb  and  swell,  rest  and  activ- 
^y>  toeing  intimately  connected  with  the  imponderable  matter, 
f^^^Oe  or  source  of  energy  we  call  electricity."     In  order  to  in- 
trodu^^g  the  third  factor,  space,  into  the  diagram,  a  tri-dimen- 
fiJona^l    curve  is  required ;  and  since  the  curve  must  pass  through 
*  P^i  nt  neutral  to  electricity  and  chemical  energy  twice  in  each 
0701^^   a  curve  is  selected  which  fore-shortens  vertically  into  a 
**8"^^g,   and  horizontally   into   a  lemniscate.      Projecting   this 
ourv^  m  space,  the  points  where  chlorine,  bromine  and  iodine  are 
lornc^^^  come  close  under  each  other.     The  same  is  true  of  sul- 
^^^*   selenium  and  tellurium,  and  also  of  phosphorus,  arsenic 
*^"     itntimony.     "  Let  us  imagine  a  cyclical  translation  in  space, 
eact^  ^  revolution  witnessing  the  genesis  of  the  group  of  elements 
previously  represented  as  produced  during  one  complete  vibra- 
r^^   of  the  pendulum.     Let  us  suppose  that  one  cycle  has  thus 
.  ^  completed,  the  x^enter  of  the  unknown  creative  force  in  its 
^Sl^ty  journey  through  space  having  scattered  along  its  track 
^"^     primitive  atoms,  tne  seeds  which  presently  are  to  coalesce 
^V,  Jour.  Scl— Third  Series,  Vol.  XXXYI,  No.  211.— July,  1888. 
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rium,  fanve  no  distinct  spectrum  renctiuii  ami   OiUer   i 
Blighlly  that  their  fiepamtion  has  not   bt-en   poBsiljIc,  an'l  T 
ve  difierently  coloied  oxiilee;  these  the  mubor  wonUI  «>i»0« 

be  elements.      (3)  Two  subgtnnceB,  obtained  from   iliffiw 
nerale,  which  havi;  no  recogiiUable  chemical  differvooo^ 
B  phosphoreBceiil  speoiniin  of  one  having  u  "troiig  line  HW 
scNl  in  lliat  ftf  thi-  olhiT;  as  the  yttnti  t'roui  vanianldllfe 
«  from  gadoliniti',     (4)  An  (.-arlh  like  ytiriii  or  Kanuria  ^ 
defiaite  plio»pbore»cpnt  bpcctrara,  and  whicli  \*  HeparaU* 
th  enovmoHN  lUfficuky  from  its  a>!«oi;iate«,  but  to  whicli  t 
Jon  «f  nnniher  euhstanee  greatly  intensifieB  one  or  tncHT 
e«  of  !ln  upoctrum,  the  olners  reituiiniitg   unnfffeotfld, 

earth  «imple  or  componn.l'?     {5)  An  earth  which,  Iik*t 
l|>hat(i,  tthowiug  no  difierence  on  iWiotioniilion,  has  ii  jjl^ 
jpnt  Mpectnim  not  materlHlly  modified  by  admixtltrSi'' 
lidwul  glow  of  one  part  of  which  is  nuppifsaed  as  «■' 
ouphoroscopi-,  while  the  rest  is  unatFected.      (tl)  Bft' 
;rinm    obtained    from    ilifferent  minerals,  wliitii    beh 
til  chemically  and  spectrosrapicaUy,  except   tiiiil   in 
im  of  the  one  a  ceitain  line  t»  a  little  bripliii  r  if-ijn  i 

the  other.    The  difliculty  Hrivitig  from  tin    i"    i  " 
'.  Crookea  obTiates  by  saggc^tina  the  uh-  ^i    :iit' 
mtary  group"  for  "element."     "Lul  us  say.  ■..  ^•..  i 
aderable    quantity  of   yttrium    is'im    aosembb^e 
<jD.t  almost  infinitely  more  like  each  other  than  t.  " 
<  atom^  of  any  oiher  approximating  rlement.     It     -^ 
arily  follow  that  tht!  atoms  shall  nil  be  ahsolutuV"-"^ 
miselves.     The  ntomir  weight  which   wt-  ascrVv^ 
refore  merely  reprewnts  a  mean  value  around  vw  ^>^ 
igbts  of  the  individual   aloma  of  the 'vletn'^-V^. 
tain  limits.     Hut  if  my  conjecture  in  u-miMe,  »_t^:--__ 
HI  from  atom  we  should  find  Uieui  vniviiii:  wiVJ!" 
each  *ide  of  the  mean."    Considi 

clpitaiiou,  as  when  to  h  dilute  «iiIiilh>ii  oI     v  "^^^ 
[ii»  in  added  in  ipmntity  RiifliiiL-tii.  lu  pteoS.    ^_ 
''"^-      ohkm  If-  not  (cAi/  a  ]Rva\^ 
*  01  diiccla  soni      ~"    "   """ 
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and  develop  into  the  groupings  now  known  as  lithium,  beryllium, 
boron,  carbon,  nitrogen,  oxygen,  fluorine,  sodium,  magnesium,  alu- 
minum, silicon,  phosphorus,  sulphur  and  chlorine."  "  Suppose  the 
vis  geueratrixir2LyeVir\g  to  and  fro  in  cycles  along  a  lemniscate  paib 
as  above  suggested,  while  simultaneously  temperature  is  declin- 
ing and  time  is  flowing  on ;  each  coil  of  the  lemniscate  track 
crosses  the  same  vertical  line  at  lower  and  lower  points.  Pro- 
jected in  space,  the  curve  shows  a  central  line  neutral  as  far  as 
electricity  is  concerned  and  neutral  in  chemical  properties — posi- 
tive electricity  on  the  north,  negative  on  the  south.  Dominant 
atomicities  are  governed  by  the  distance  east  and  west  from  the 
neutral  center  line,  monatomic  elements  being  one  remove  from 
it,  diatomic  two  removes,  and  so  on.  In  every  successive  coil, 
the  same  law  holds  good.  As  the  mighty  focus  of  creative  en- 
ergy goes  round,  we  see  it  in  successive  cycles  sowing  in  one 
tract  of  space  seeds  of  lithium,  potJissium,  rubidium  and  caesium; 
in  another  tract,  chlorine,  bromine  and  iodine ;  in  a  third,  sodium, 
copj)er,  silver  and  gold;  in  a  fourth,  sulphur,  selenium  and  tellu- 
rium; in  a  fifth,  beryllium,  calcium,  strontium  and  barium;  in  a 
sixth,  magnesium,  zinc,  cadmium  and  mercury;  in  a  seventh, 
phosphorus,  arsenic,  antimony  and  bismuth;  in  other  tracts, 
aluminum,  gallium,  indium  and  thallium ;  silicon,  germanium  and 
tin ;  carbon,  titanium  and  zirconium ;  whilst  a  natural  position 
near  the  neutral  axis  is  found  for  the  three  groups  of  elements 
relegated  by  Professor  Mendelojeff*  to  a  sort  of  hospital  for  incur- 
ables— his  eighth  family."  "  We  have  now  traced  the  formation 
of  the  chemical  elements  from  knots  and  voids  in  a  primitive 
formless  fluid.  We  have  shown  the  possibility — nay,  the  prob- 
ability— that  the  atoms  are  not  eternal  in  existence,  but  share 
with  all  other  created  beings  the  attributes  of  decay  and  death. 
We  have  shown  from  arcjuments  drawn  from  the  chemical  labora- 
tory,  that  in  matter  which  has  responded  to  every  test  of  an  ele- 
ment there  are  minute  shades  of  difference,  which  may  admit  of 
selection.  We  have  seen  that  the  time-honored  distinction  b^ ' 
tween  elements  and  compounds  no  longer  keeps  pace  with  the  de-  ' 
velopments  of  chemical  science,  but  must  be  modified  to  include 
a  vast  array  of  intermediate  bodies — '  meta-elements.'  We  have 
shown  how  the  objections  of  Clerk-Maxwell,  weighty  as  they  are, 
may  be  met ;  and  finally,  we  have  adduced  reasons  for  believing: 
that  primitive  matter  was  formed  by  the  act  of  a  generative  force 
throwing  otF  at  intervals  of  time  atoms  endowed  with  varying 
quantities  of  primitive  forms  of  energy."— «/".  Chem,  Sac.,  liiij^SI, 
May,  18H^^.  g.  f.  b. 

5.  Meusurement  of  High  Potential, — Quadrant  electrometers, 
it  is  well  known,  are  not  suitable  for  the  measurement  of  hig^^ 
potential.  A.  Voller  enters  into  a  full  discussion  of  the  faults 
inherent  in  the  various  methods  of  connecting  the  parts  of  tVi^ 
Thomson  electrometers  with  the  sources  of  electricity,  and  fin.<^* 
those  methods  all  unsatisfactory.  He  has  been  led,  therefore,  '•^^ 
adopt  a  new  method.     The  needle  of  the  electrometer  is  provi 
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with  saitable  magnets  or  pieces  of  iron,  which  are  controlled  by 
a  movable  magnetic  field,  the  strength  of  which  can  be  suitably 
altered  by  moving  these  magnets  beneath  or  in  the  neighborhood 
of  the  needle.  The  needle  of  the  electrometer  was  connected 
to  earth,  and  the  quadrants  were  alternately  coimected  to  the 
scarce  of  electricity.  In  this  way  a  deflection  was  prodaced  by 
induction,  and  if  s  and  a'  are  deflections,  and  V  and  V'  potentials, 
we  have  «  :  *^  =  V :  V/.  The  changeable  magnetic  field  gives 
the  instrument  a  great  range. — Ann,  der  PhysiJc  und  Chemie, 
No.  6,  1888,  pp.  286-298.  j.  t. 

6.  Fluorescence, — It  is  known  that  the  fluorescence  of  liquids 
increases  very  greatly  to  a  certain  point  with  the  dilution  of  the 
fluorescing  medium.  B.  Walter  discusses  the  reason  of  this 
phenomenon,  and  shows  that  it  depends  upon  the  amount  of  light 
absorbed  by  the  fluorescent  substance.  Strongly  fluorescing  sub- 
stances, like  magdala  red,  eosine,  chlorophyl,  etc.,  in  the  solid 
state,  show  no  fluorescence,  and  the  author  believes  that  fluores- 
cence hitherto  observed  in  solid  bodies  can  be  traced  to  water  of 
crystallization  or  other  thinning  medium.  If  A  denote  the 
amount  of  light  absorbed  by  the  substance,  Fl  the  amount  of 
light  emitted  by  fluorescence,  the  fraction  Fl/A  can  denote  the 
fluorescing  power  of  the  medium.  In  the  case  of  eosine,  with  a 
dilution  of  ^,  the  value  of  this  fraction  was  '000663 ;  with  yA^  its 
value  was  '009126. — Ann,  der  Physik  und  Chemie^  1888,  No.  6, 
pp.  316-326.  J.  T. 

7.  GrUntffold^s  hypothesis  in  spectrum  analysis, — Dr.  A.  Grun- 
WALD  continues  to  give  the  results  of  his  remarkable  hypothesis 
and  reserves  to  a  later  paper  the  description  of  the  steps  by 
means  of  which  he  obtains  certain  relations  between  groups  of 
spectral  lines.     In  his  paper  to  which  this  notice  refers,  will  be 
found  a  number  of  numencal  results.     Oxygen  he  thinks  is  com- 
posed of  a  substance  A'  combined  with  another  substance  O' ; 
this  substance  O'  being  a  compound   with  the   formula   ^^O"  ; 
where  O'  is  again  a  compound  h/i^\  so  that  0=H'5^(ft^cJ^.     He 
had  previously  shown  that,  according  to  his  hypothesis,  hydro- 
gen 18  composed  of  two  primary  elements,  a  and  b ;  and  now 
gives  various  criteria  by  means  of  which  a,  h  and  c  can  be  recog- 
nized in  magnesium  and  carbon. — Phil,  Mag,^  ^*y>  1888,  pp. 
343-350.  J.  T. 

^-    Penetration  of  Day-lighZ  in  the  water  of  Lake  Geneva  and 

^f  the  Mediterranean, — MM.  Fol  and  Sarasix  give  a  summary 

^'  the  results  obtained  by  them  in  regard  to  the  penetration  of 

"^r-light  in  clear  water.     They  employed  sensitive  photographic 

plates,  so  arranged  with  a  new  apparatus,  that  they  could  be  ex- 

Po»e<J  for  the  time  selected,  say  ten  minutes,  at  any  desired  depth, 

?^    loo,   200  or    300    meters,   etc.      In    the    first    trials    made 

^t^^s  found  that  the  effect  was  stronger  on  September  28th, 

^^tfc    a  cloudy  sky,  than   on   August  16th,  with   fine  weather; 

^^^^  particularly  they  found  that  in  the  former  month  the 
'^^^^nt  of  light  at  a  depth  of  170  meters  was  comparable  to  that 
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of  a  clear  night  without  moon.  The  extreme  limit  for  the  penetra- 
tion of  day-light  during  the  winter  was  something  more  tnan  200 
meters.  The  difference  between  this  limit  for  March  and  Sep- 
tember was  only  some  20  or  30  meters,  proving  that  the  effect  of 
the  seasons,  so  great  in  the  upper  layers  of  the  lake,  as  shown  by 
M.  Forel  (this  Journal  for  June,  p.  495),  is  comparatively  small 
at  considerable  depths.  In  the  Mediterranean,  the  depth  \& 
greater.  In  the  month  of  March  it  was  found  here  that  400  me- 
ters was  the  limit  of  transmission  of  day-light.  Further,  subse- 
quent experiment  showed  that  at  300  meters  the  li^ht  reaches 
during  the  whole  time  that  the  sun  is  above  the  bonzon  and  at 
350  meters  this  is  true  for  some  eight  hours  of  the  day. — BibL 
Univ.,  Ill,  xix,  442-447. 

9.  A  IVeatise  o?i  Electricity  and  Magnetism;  by  E.  Mascart 
and  J.  JouBERT,  translated  by  E.  Atkinson.  Vol.  ii,  792  pp., 
8vo.  London,  1888  (Thos.  de  la  Rue  and  Co.). — ^The  first  vol- 
ume of  the  English  translation  of  this  excellent  work  appeared 
some  four  years  since  (this  Journal,  xxvi,  148).  The  present  vol- 
ume goes  through  the  subjects  of  methods  of  measurements  and 
their  applications,  treating  them  with  admirable  thoroughcess 
and  system.  The  general  methods  of  measurements  are  first 
taken  up  and  then  the  special  subjects  of  the  theory  and  use  of 
electrometers,  galvanometers  and  other  electrical  instruments; 
followed  by  magnetic  measurements.  A  concluding  chapter  dis- 
cusses the  industrial  applications  as  involved  in  electrostatic  ma- 
chines, dynamos,  motors,  etc. 

II.  Geology  and  Mineralogy. 

1.  Geological  Survey  of  Ohio :  Economic  Geology,  Vol.  VI, 
832  pp.,  8vo. — Six  hundred  pages  of  this  report  are  devoted  to 
the  subject  of  petroleum  and  natural  gas  ;  and  three-fourths  of 
these  are  by  Professor  Edward  Orton ;  the  other  fourth,  consis^ 
ing  of  accounts  of  the  methods  of  drilling  wells,  measurement  of 
wells,  transportation,  uses  of  gas  and  methods  of  using,  and  other 
subjects  of  a  practical  character,  are  by  Messrs.  F.  W.  Minshall, 
F.  H.  Newell,  E.  McMillin  and  Professor  S.  W.  Robinson.  The 
remaining  chapters  treat  of  the  Pittsburgh  Coal-Seam,  salt  manu- 
facture, cements,  gypsum  or  land  plaster,  lime,  and  includes  also 
one  on  the  Drift  deposits  of  Ohio. 

Professor  Orton  opens  with  a  new  vertical  section  of  the  Ohio 
rocks.  The  Trenton  limestone  is  here  recognized  as  one  of  the 
outcropping  rocks,  Professor  Orton  accepting  the  conclusion  o't 
Mr.  S.  A.  Miller,  that  the  beds  of  the  Point  Pleasant  quarrie^-s 
about  20  miles  above  Cincinnati,  are  Trenton.  Besides,  tb.^ 
Utica  shale  is  separated  by  fossils  from  the  Hudson  River  groups 
and  the  term  Cincinnati  group  is  dropped. 

The  form  of  the  Cincinnati  anticline,  long  since  shown  b  ^ 
Newberry  to  have  been  made  before  the  deposition  of  the  Upp^^' 
Silurian,  has  been  worked  out  by  the  numerous  borings  for 
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and  oil,  and  is  well  exhibited  on  a  map  facing  page  48,  giving  the 
depths  at  which  the  Trenton  limestone  lies  buried.  Along  the 
Ohio  near  Cincinnati  the  depth  is  about  300  feet  above  tide-level, 
and  150  miles  east  of  north,  20  miles  from  Lake  Erie,  it  is  near 
500  miles  helow  it.  Tide-level  is  passed  by  its  upper  surface 
about  40  miles  north  of  Cincinnati.  The  mean  pitch  for  the 
whole  150  miles  is  1  to  1000.  For  the  first  40  miles  it  is  1 :  700 ; 
for  the  next  76  miles,  Eaton  to  Lima,  or  86  miles,  from  Eaton  to 
Beaver  Dam,  nearly  1 :  1000.  About  the  Beaver  Dam  region,  a 
bending  up  of  the  beds  of  the  anticline  occurs,  and  there  is  a  rise  in 
the  next  24  miles  from  310  to  350  feet  below  tide-level ;  and  the  re- 

fion  at  this  point  is  that  of  Findlay.  A  dozen  miles  beyond 
Indlay  the  northern  dip  of  the  anticlinal  is  resumed,  but  its  po- 
sition is  changed  a  little  to  the  eastward  of  the  previous  course  ; 
and  in  the  next  dozen  miles  there  is  a  fall  of  50  to  90  feet,  or  to 
400  feet  below  tide-level ;  but  3  miles  beyond  this,  at  Bowling 
Green  (22  miles  from  Lake  Erie),  the  depth  obtained  is  only  387 
feet.  Nearer  the  lake,  in  Ottawa  County,  the  dip  down  increases 
much,  the  depth  of  the  Trenton  at  OaK  Harbor  being  724  feet. 
East  or  west  of  the  axial  region  of  the  anticline  the  dip  is  larger ; 
westward,  in  the  northwestern  corner  of  the  State,  the  depth  be- 
comes 1000  feet  to  1600  or  beyond,  and  the  same  is  true  to  the 
eastward,  the  depth  below  tide-level  at  Port  Clinton,  only  14 
miles  from  Oak  Harbor,  being  1079  feet  below  tide-level,  show- 
ing a  dip  exceeding  1  in  300 ;  and  along  the  region  southward  to 
the  Ohio,  the  depth  increases  and  the  overlying  rock  is  mostly 
an  Upper  Devonian  shale. 

These  levels  are  here  cited  because,  as  Professor  Orton  points 
out,  they  have  a  bearing  on  the  gas-producing  character  of  the 
region.     Findlay  is  the  center  or  most  productive  part  of  the 
Trenton  limestone  gas-supply;  and,  as  is  above  shown,  it  is  situ- 
ated, like  other  localities  of  gas-production  in  western  Ohio,  along 
the  axis  of  the  anticlinal ;  but  it  has  the  advantage  of  being  situ- 
ated over  the  summit  of  an  upward  bend   in  the  axial  region. 
This  summit  region  extends  northward  for  10  or  12  miles,  so  as 
to  include  also  Van  Buren  and  Bairdstown.     The  Findlay  gas- 
wells— of  which  16  out  of  17  bored  are  productive — yielded  in 
1886  at  the  rate  of  20,000,000  to  25,000,000  cubic  feet  of  gas   per 
^^y ;   and  one,  the  Karg  well,  is  credited   with  half  the  whole 
amount.     The  depth   to  which  the  stratum  of  Trenton  limestone 
'8  usually  penetrated  is  only  15  to  25  feet,  though  occasionally 
^0  to  60 ;  much  below  this,  comparatively  little  is  obtained  ;  and 
^Qe  depth  from  the  surface  of  the  country  is  1100  to  1200,  so  that 
^fle  expense  of  boring  is  small.     A  well  at  Van  Buren  even  ex- 
ceeds the  Karg  well ;  and  one  at  Bairdstown  is  not  inferior  to  it, 
[or  9  feet,  down  in  the  Trenton  the  supply  was  4,000,000  cubic 
eet  Per  day;  at  17  feet,  over  12,400,000  cubic  feet  and  the  tools 
refu^g^   to  descend  deeper,  dancing  in  the  well   like  rubber 
^**s."     Bairdstown  and  Van  Buren,  as  above  stated,  are  in  the 
ime  Upward  bend  of  the  anticline  and  at  nearly  the  same  level. 
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Bloomdale,  3  miles  east  of  Bairdstown,  has  a  well  yielding  abont 
3,000,000 ;  and  one  at  North  Baltimore,  as  far  west  of  it,  yields 
about  the  same  amount ;  both  less  advantageously  situated  in 
the  anticline  for  productiveness. 

Professor  Orton  remarks  on  the  fact  that  among  the  various 
wells  in  the  gas  region,  the  production  is  generally  greatest 
where  the  depth  below  ,the  sea  level  is  least,  that  is,  where  the 
Trenton  is  bulged  upward.  This  depth  at  the  Karg  well  is  347 
feet ;  at  others  of  the  more  productive  wells  of  the  vicinity  of 
Findlay,  342,  350,  328-8;  at  Bairdstown,  315  feet. 

Another  important  fact  established  is  that  the  Trenton  lime- 
stone is  productive  only  where  it  is  dolomyte,  not  where  calcyte. 
In  the  Findlay  field  the  gas  rock  afforded  Frofessor  N.  W,  Lord, 
in  one  analysis,  calcium  carbonate,  53*50,  magnesium  carbonate 
43*05,  insoluble  residue  (silica,  etc.)  1'70,  iron  and  alumina  1*72 
=  99*50,  in  which  the  proportion  of  the  two  carbonates  is  almost 
precisely  that  of  true  dolomyte.  The  amount  of  marsh  gas  in 
the  gas  scarcely  varies  from  92*5  per  cent,  and  with  this  there 
are  about  2  per  cent  of  hydrogen,  0*30  of  olefiant  gas  and  3*50  of 
nitrogen,  with  not  over  0*5  per  cent  of  each,  oxygen,  carbonic 
acid,  carbonic  oxide  and  0*2  of  sulphuretted  hydrogen. 

In  the  region  of  Lima,  the  Trenton  limestone  yields  oil;. but 
the  oil  is  inferior  to  the  shale  oil  of  the  Macksburg  region  of  east- 
ern Ohio,  in  containing  0*553  per  cent  of  sulphur,  which  is  more 
than  20  times  the  amount  in  the  Macksburg  oil. 

The  report  treats  at  length  also  of  the  Berea  grit  (Subcarbon- 
iferous^  and  of  the  Ohio  shale  (Upper  Devonian)  as  sources  of  oil, 
and  discusses  at  length  the  theones  for  the  formation  of  the  oil 
and  its  condition  in  the  roQks.  The  chapters  on  cements,  lime, 
plasters  and  other  economical  products  from  the  rooks  of  the 
State  also  contain  much  of  general  interest. 

2.  Miuna  and  Flora  of  the  Trias  of  New  Jersey  and  the  Con- 
necticut Valley. — Dr.  Newbkrey,  in  vol.  vi  of  the  Transactions 
of  the  N.  Y.  Academy  of  Sciences,  states  that  the  plants  of  these 
regions  thus  far  obtained,  excepting  two,  are  identical  with  those 
of  Virginia  and  North  Carolina  described  by  Fontaine.  They 
include  the  species  Bajera  Munsteriana  Sap.,  BrachyphyUnm 
gracilel^ewh.jB.foliosum'Sevfh.,  Cheirolepis  Munsteri  Schenk, 
Clathropteris  platyphyUa  Brongn.,  Dendrophycus  Triassicus 
Newb.,  DioOnites  longifolius  Em.,  Equisetum  Rogersi  Schimp., 
Loperia  simplex  Newb.,  Otozamites  latior  Sap.,  and  Q.  brevif alius 
Fr.  Br.  (both  common  in  the  Rhaetic  of  Germany  and  France), 
Palyssya  diffusa  Em.,  JSchinoneura  planicostata  Rogers. 

The  fishes  are  ganoids  of  the  genera  Diplurtcs  Newb.,  Tschyp- 
terus  Egt.  (18  species),  Oatoptertis  Redf.  (5  species),  Ptycholepis 
Ag.  (1  sp.),  Dictyopyge  Egt.  (1  sp.),  and  Acentrophorus  Trag. 
(1  sp.)  The  Dipiunis  was  a  ccelacanth  3  feet  long,  closely  allied 
to  Molophcegus  Egt.  from  the  English  Lias.  A  species  of  Dic- 
tyopyge has  been  described  from  the  Keuper  of  Germany  and  an 
allied  Ptycholepis  from  the  Lias  of  Boll  in  Wurtemburg. 
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3.  Archaean  areas  of  Northern  New  Jersey-  and  Southeastern 
New  York ;  by  N.  L.  Bbitton. — Proll  Britton,  in  his  paper 
read  before  the  A.  A.  A.  S.  in  August,  1887,  divides  the  Archaean 
of  the  New  Jersey  Highlands  and  Putnam  County,  N^w  York, 
into  (1)  the  massive  group,  including  quartz-syenyte,  granulite, 
and  granite  with  little  or  no  bedding ;  (2)  the  iron-l»earing  group  ; 
(3)  the  gneissic  and  schistose  group.  Another  seiies  of  schists 
and  limestone,  including  the  crystalline  schists  of  Westchester 
County,  described,  as  Mr.  Britton  observes,  by  Professor  J.  D. 
Dana  [so  far  as  they  are  conformable  to  the  limestone  or  dolomite 
of  the  region]  as  [probably]  of  Lower  Silurian  age,  are  stated  to 
be  for  the  greater  part  "  unquestionably  Upper  Archaean. "  We 
look  with  great  interest  for  the  evidence  for  this  very  positive 
conclusion;  others  have  held  the  opinion,  but  the 'evidence  has 
never  been  published.  The  allusion  to  Prof.  Dana's  opposing 
evidence  on  the  next  page,  shows  that   he  has  been  misread. 

J.  D.  D. 

4.  Annual  Report  of  the  State  Geologist  of  New  Jersey  for 
the  year  1887. — ^This  report  announces  the  near  completion  of  the 
topographical  survey  of  the  State — a  most  important  work,  in 
which  New  Jersey  is  ahead  of  the  other  States,  Massachusetts 
alone  excepted. 

5.  On  an  Archaean  Plant. — Graphite  occurring  in  an  Archaean 
limestone  in  many  very  thin  parallel  stripes  one  or  more  inches 
long  and  one  to  two  lines  wide  has  been  described  by  Mr.  N.  L. 
Bbitton  as  the  remains  of  an  Archaean  plant,  which  he  has 
named  Archceophyton  Newberryanum,  It  is  a  natural  query 
whether  a  carbonaceous  limestone  under  pressure  and  in  course  of 
metamorphism  might  not  become  striped  like  the  specimen.  • 

6.  On  the  Organization  of  the  Fossil  Plants  of  the  Coal 
Measures, — Part  XIV.  The  true  fructification  of  the  Catamites  ; 
by  W.  C.  Williamson. — In  this  short  memoir  Prof.  Williamson 
gives  his  reasons  for  still  believing  that  the  strobile  described  by 
him  in  1869  from  the  Upper-foot  coal  in  Strinesdale,  near  Saddle- 
worth,  Lancashire,  not  only  was,  as  he  then  stated,  the  fruit  of  a  true 
Calamites,  but  that  it  was  the  only  one  that  had  thus  far  been 
discovered.  After  waiting  seventeen  years  additional  specimens 
having  the  same  structure  at  last  came  to  light.  These  led 
him  to  reinvestigate  the  whole  subject  and  to  figure  anew  all  the 
specimens  in  his  cabinet.  The  chief  reason  for  believing  in  the 
true  Calamitean  character  of  these  specimens  is  that  the  pedun- 
cle of  the  strobilus  presents  in  every  case  substantially  the  same 
essential  characters  as  the  stems  of  Calamites,  the  structure  of 
which  is  very  different  from  that  of  any  of  the  other  Carbon- 
iferous plants  that  have  been  made  known.  Although  somewhat 
modified  to  adapt  itself  for  the  growth  of  the  large  sporangia  of 
the  higher  portions  of  the  spike,  these  peduncles  still  clearly 
exhibit  the  internodal  canals  and  characteristic  medullary  cavity 
of  Calamites,  characters  so  distinctive  as  to  make  it  extremely 
doubtful  that  they  could  have  belonged  to  any  other  plant.     The 
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great  wonder  is,  considering  the  abundance  of  Calamites  every- 
where in  the  coal  measures,  that  its  fruiXs  should  be  of  such  rare 
occurrence.  It  is  needless  to  say  that  these  fruits  are  strictly 
cryptofijamic,  and  contain  spores  only.  l.  f.  w. 

7.  Einleitung  in  die  PcUdophytologie  vom  botanischen  St<indr 
punkt  au8.  Bearbeitet  von  H.  Grafen  zu  Solms-Laxtbach.  Leip- 
zig, 1887. — This  work,  although  it  bears  evidence  of  wide  re- 
search and  much  original  investigation,  is  nevertheless,  to  the 
working  paleophytologist,  something  of  a  disappointment.  What 
is  needed  is  a  logical  and  systematic  presentation  of  the  hest 
results  of  all  the  numerous  and  widely  scattered  investigations 
into  the  meaning  of  the  multiform  structures  and  objects  that 
have  been  studied  and  separately  made  known.  Count  Solms- 
Laubach  has  proved  by  this  work  that  he  possesses  the  qualifica- 
tions for  conducting  such  an  enterprise,  but  has  preferred,  Ger- 
man fashion,  to  give  it  the  form  of  an  original  investigation  and 
a  decidedly  subjective  stamp,  for  which  he  was  not  qualified  by 
a  life-long  devotion  to  the  subject,  such  as  gives  so  great  weight 
and  value  to  the  researchen  of  Williamson,  Kenault,  and  Schent 
The  book,  moreover,  lacks  entirely  the  symmetry  and  evenness  of 
treatment  so  much  to  be  desired  at  this  time  in  paleobotany,  and 
plainly  shows  that  its  author  was  impelled  rather  by  the  impulse 
to  probe  to  the  bottom  a  few  such  questions  as  chanced  specially 
to  interest  him,  leaving  other  equally  essential  ones  nearly  or 
quite  untouched.  But  it  should  not  be  infeiTed  that  this  work  is 
devoid  of  value.  To  him  who  desires  to  attack  the  problems  of 
paleobotany  it  will  be  found  to  contain  a  thorough  and  exhaus- 
tive treatment  of  many  of  the  most  knotty  and  puzzling  questions, 
and  it  has  the  great  merit  of  furnishing  a  clear  guide  to  the  en- 
tire literature  of  every  subject  treated. 

The  interest  manifested  by  so  excellent  a  botanist  in  paleon- 
tology is  a  hopeful  sign  as  tending  to  reconcile  the  two  depart- 
ments, and  while  there  is  danger  that  the  recent  appointment  of 
Count  Solms-Laubach  to  the  botanical  chair  made  so  celebrated 
by  De  Bary  may  not  leave  him  time  to  continue  the  work 
to  which  this  book  is  confessedly  only  an  "  Introduction,"  the 
science  of  botany  proper  is  to  be  congratulated  on  having  in  such 
a  prominent  place  one  who  is  fully  capable  of  weighing  the  facts 
furnished  by  the  geological  histoiy  of  plants.  l.  f.  w. 

8.  Das  Aiilitz  der  J&de  von  Eduard  Suess.  Vol.  ii,  704  pp., 
8vo.  Vienna,  1888.  (F.  Uempsky). — The  first  volume  of  the  great 
work  by  Professor  Suess,  noticed  in  this  Journal  in  1884,  1885 
(xxvii,  161,  xxix,  418),  covered,  first,  the  discussion  of  the  move- 
ments in  the  exterior  crust  of  the  earth  and,  secondly,  of  the  moun- 
tain systems.  The  second  volume,  now  published,  is  devoted  to 
the  great  oceans,  treating  of  them  first  geographically  as  at  pres- 
ent developed,  and  later  with  regard  to  the  extent  of  the  seas  dur- 
ing the  successive  geological  periods,  from  the  paleozoic  down  to 
the  changes  of  level  noted  in  historic  times  and  more  broadly  with 
respect  to  the  cause  of  the  oceanic  depressions.     The  different  fea- 
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lures  of  the  Atlantic  and  Pacific  are  treated  of  at  length,  with 
the  consideration  of  the  causes  for  these  differences.  The  ex- 
tended reading  of  Professor  Suess  has  given  him  a  large  fund  of 
facts  to  add  to  his  own  extended  observations,  for  use  in  these 
discussions,  and  his  method  is  so  comprehensive  and  his  style  so 
attractive,  that  such  a  book  as  the  present  is  at  once  to  a  high 
degree  interesting  and  instructive. 

9.  Chert.  —  Dr.  G.  J.  Hinde  has  examined  microscopically 
cheit  from  the  Permo-Carboniferous  strata  of  Spitzbergen,  and 
has  proved  that  the  material  consists  in  many  parts  of  closely- 
packed  sponge  spicules,  passing  often  into  a  nearly  pure  trans- 
lucent chert.  The  bed  at  Tempelberg  was  about  three  feet  thick 
and  contains  .also  "casts  of  Productus  and  possibly  also  of  Spiri- 
fer."  He  figures  the  spicules  from  specimens  of  different  locali- 
ties, and  pronounces  the  chert  of  organic  origin.  A  siliceous 
schist  associated  with  the  chert,  was  largely  made  of  siliceous 
sand  but  contained  many  sponge  spicules.  On  Axel's  Island  the 
cherty  beds  are  STO  feet  thick;  and  in  view  of  all  the  facts  he 
has  observed  since  he  commenced  his  investigations  of  chert,  he 
thinks  it  not  extravagant  to  conclude  that  although  so  thick  the 
whole  is  "  due  to  the  accumulation  of  the  skeletal  debris  of  sili- 
ceous sponges." — GeoL  Mag,,  June,  1888,  p.  241. 

10.  Ihimortierite  from  a  new  locality. — MM.  Michel  LfevY  and 
Lacroix  announce  the  discovery  of  the  rare  aluminum  silicate, 
dumorti^rite,  in  the  iolite  of  the  gneiss  of  Tvedestrand,  Norway, 
where  it  is  associated  with  sillimanite.  It  is  distinguished,  as  in 
other  cases,  by  its  pleochroism. —  C.  i?.,  cvi,  1.'340,  May,  1888. 

11.  Zircon  from  North  Carolina. — The  recent  demand  for  zir- 
conium, for  use  in  the  arts,  has  led  to  a  systematic  effort  to  mine 
it  in  large  quantities.  Once  regarded  as  a  rare  mineral,  it  has 
been  found  possible  to"  obtain  within  six  months  twenty-five  tons 
from  the  Green  River  mines,  Henderson  Co.,  North  Carolina; 
the. mining  has  been  carried  on  under  the  charge  of  Mr.  W.  E. 
Hidden,  who  gives  this  information.  It  is  also  anticipated  that 
the  attempt  soon  to  be  made  to  obtain  monazite  in  similar  large 
quantities  will  be  successful. 

12..  Seventh  Annual  Report  of  the  State  Mineralogist  of  Cali- 
fornia for  the  year  ending  Oct.  1,  1887;  by  William  Irelan, 
Jr.  315  pp.,  8vo.  Sacramento,  1888. — This  report  is  devoted  to 
the  subjects  of  petroleum,  asphalts,  natural  gas,  coals  and  build- 
ing stones,  and  gives  much  valuable  information  as  to  their  oc- 
currence, method  of  working,  use  and  so  on.  Much  of  the  matter 
is  contributed  by  W.  A.  Goodyear  and  A.  H.  Weber,  field  assist- 
ants to  the  State  Mineralogist.  The  report  closes  with  a  cata- 
logue of  the  Californian  fossils,  compiled  by  Dr.  J.  G.  Cooper. 

13.  Contributions  to  the  Mineralogy  of  the  Pacific  Coast ;  by 
W.  LiXDGREN. — A  description  is  given  of  a  chromiferous  chlorite 
related  to  kotschubeite,  obtained  from  Green  Valley,  on  the 
American  River.  It  occurs' in  rosettes  of  thin  hexagonal  tables 
having  a  peach-blossom  red  color,  and  also  in  fibrous   massive 
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forms.  The  crystals  are  twins,  formed  of  six  biaxial  sectors.  It 
is  associated  with  ouvarovite  and  chromite.  Hardness  =  2,  spe 
cific  gravity  =  2*69.     An  analysis  by  W.  H.  Melville  gave: 

SiOa      CraO,     AlaO,      FeO      NiO      MgO       CaO  H,0 

31-74       11-39       6-74       1*23       0*49       36-18       O'lS       12'69*     0-36*  =  lOO'OO 
•Above  106°  ^  AX.  106*' 

Tiie  result  is  interesting  as  showing  a  much  larger  percentage  of 
chromium  than  has  before  been  noted. — Proc,  CaX,  Acad*  ScLy 
II,  i,  Dec,  1887.      * 

14.  McUerialien  zur  Minercdogie  Husslands  von  N.  von  Kqk- 
SCHABOW.  Vol  X,  pp.  1-96.  St.  Petersburg,  1888. — ^The  vet- 
eran Russian  mineralogist,  whose  labors  for  science  received  so 
cordial  a  recognition  a  year  ago,  on  the  occasion  of  the  50-year 
anniversary  of  the  commencement  of  his  active  service,  has  re- 
centlv  published  the  opening  portion  of  the  10th  volume  of  his 
Russian  Mineralogy.  The  species  treated  of  are  clinochlore  and 
kotschubeite,  which  receive  an  exhaustive  revision,  and  in  addi- 
tion an  extended  abstract  is  given  of  the  article  on  the  remark- 
able meteorite  of  Nowo-Urei,  by  M.  v.  Jerofeieff  and  P.  v.  La^ 
schinoff. 

16.  Der  Meteorit  von  Nowo-Vreij  von  M.  Jbbofbieff  undP. 
Latschinoff  in  St.  Petersburgh. — This  meteorite,  which  fell  Sep- 
tember 22,  1886,  near  the  village  Nowo-Urei,  Government  of 
Pensa,  Russia,  is  unique  in  containing  carbon  in  the  form  of  dia- 
mond. Three  stones  were  known  to  fall,  of  which  two  were 
found.  The  external  appearance  did  not  differ  from  ordinary  me- 
teoric stones,  and  on  the  fracture  they  appeared  of  a  dark  gray 
color,  and  showed  the  presence  of  the  chief  constituents,  olivine, 
augite  and  nickeliferous  iron.  In  the  course  of  the  analysis,  from 
2  to  2-6  per  cent  of  the  material  taken  remained  unattacked  by 
acids,  and  of  this,  60  per  cent  was  amorphous  carbon  and  40  per 
cent  resisted  fusion  in  bisulphate  of  potash.  The  residue  was  in 
the  form  of  light  gray  grains;  it  proved  to  consist  of  89*6  carbon 
and  10*4  per  cent  ash,  and  had  a  specific  gravity  of  3*1 ;  the  hard- 
ness was  sufficient  to  scratch  corundum  readily.  It  was  coilse- 
quently  concluded  that  the  substance  must  be  ordinary  diamond 
or  the  massive  form  carbonado.     An  analvsis  of  the  whole  stone 

gave: 

Fe(Ni)         CryOa  Fe7S,  C  Silicates 

6-47  0-95  0-43  220  90*76  =  9987 

The  diamond-like  carbon  made  up  about  1  per  cent  of  the  whole. 
The  silicates  consisted  essentially  of  olivine  and  augite  in  the  ra- 
tio of  67*5  to  23*8.     In  amount  of  carbon  this  stone  is  exceeded 
only  by  that  of  Orgueil,  which  gave  4*1  per  cent  in  form  of  a 
humus  substance.     As  regards  the   occurrence  of  the  carbon  in 
the  diamond  form,  the  only  related  cases  are  those  of  the  Arva 
iron,  in  which  Haidinger  found  cubic  crystals  of  a  graphitic  sub- 
stance with  apparently  pyritohedral  planes,  and  which  Rose  sug- 
gested might  be  pseudoraorphs  of  graphite  after  diamond ;  and 
the  related  graphitic  mineral  cliftonitc,  from  the  meteoric  iron  of 
Youngdegin,  W.  Australia,  recently  described  by  Fletcher  (this 
Journal,  xxxiv,  232,  1887). 
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VI.  Botany  and  Zoology. 

1.   Recent  advance  in  Vegetable  Histology,     {Second  Paper). 
A.    Be&earches    on    the    Comparative   Afiatomy  of  Malvacece^ 
BombacecBy  THliacce,  and  Stercidiacece ;    by  A.  Dumont,  (Ann. 
Sci.  Nat.  ser.  VII,  vi,  p.  129.) — At  the  close  of  a  DOtice  of  Hitze- 
mann's  examinatiou  of  TernstroemiaceaB  and  allied  families,  and 
of  Saupe's  paper  on  the  suborders  of  Legurainosse,  in  the  last 
number  of  this  Journal,  attention  was  called  to  the  value  of  even 
the  fragmentary  and  widely  scattered  results  thus  far  obtained 
in  this  field  of  investigation.     Every  contribution  to  this  depart- 
ment of  study  is  a  step  nearer  the  position  which  must  ultimately 
be  occupied  by  systematic  Botany  before  a  satisfactory  and  com- 
prehensive survey  can  be  made  of  its  entire  domain.     The  papers 
of  Chatin,  Duval-Jouve,  Bureau,  and  Vesque,  have  therefore  a 
substantial  value  not  only  as  contnbutions  to  Histology,  but  to 
classification  as  well.     The  same  is  true  of  the  present  paper  by 
Dumont.     It  is  to  be  regretted  that  it  is  not  more  copiously  illus- 
trated, since  only  four  plates  are  devoted  to  more  than  one  hun- 
dred pages  of  descriptive  text.     The  general  results  reached  by 
the   investigator  are  essentially  as  follows, — Malva,  especially 
Mcdva  oxyacanthoidesy  realizes  best  the  fundamental  and  primi- 
tive type ;  the  secondary  liber  is  very  clearly  stratified ;  its  three 
zones  contain  numerous  normal  mucilaginous  elements,  both  in 
the  form  of  cells  and  of  lysigenous  receptacles.     In  plants  of  this 
family  the  members  which  have  the  same  morphological  adapta- 
tions have  undergone  similar  modifications  from  the  primordial 
type,  and  different  species  in  genera  of  this  order  may  be  ar- 
ranged to  constitute  a  descending  scale  of  degradation.     At  cer- 
tain points  where  systematic  Botany  is  in  doubt,  the  gaps  may  be 
bridged   over  in   this  family  by  comparative  histology.      The 
group  of  families  above  mentioned  forms  a  compact  alliance  and 
might  be  well  placed  under  one  natural  order.     Although  the 
author  has  presented  his  observations  clearly,  it  doe^  not  appear 
from  such  verification  of  his   results  as  can  be  made  by  material 
now  at  hand,  that  it  would  be  possible  to  exclude  from  his  recon- 
structed order  comprising  the  familes  above  mentioned,  at  least 
two  outlying  ones :  if  these  two  must  be  admitted,  it  would  be 
difficult  to  say  where  our  integration  would  or  could  be  arrested. 
One  is  impressed  during  the  examination  of  this  subject  by  the 
thought  that  a  distinction  like  that  which  we  make  in  the  case  of 
the  organs  of  the  plant  between  the  parts  which  are  in  use  and 
those  which  have  lost  or  partially  lost  their  oflSce,  should  be  fol- 
lowed out* in  the  elements  of  the  tissues.     The  suggestion  of  this 
which  is  given  in  the  comparative  Anatomy  of  Phanerogams  and 
Pteridophytes,  by  the  lamented  DeBary,  has  not  been  kept  so 
c/early  in  mind  as  it  should  have  been,  this  is  largely  owing  to 
the  acknowledged  difficulties  which  its  application  presents.     The 
author  of  the  paper  under  present  consideration  has  unconsciously 
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made  use  of  what  we  may  fairly  call  one  of  the  useless  characters 
in  his  classification,  namely,  the  striations  and  stratifications  which 
belong  to  certain  elements  of  these  groups  of  plants.  So  far  as 
these  markings  are  mechanical  in  their  nature,  they  are  obviously 
to  be  classified  among  the  useful  modifications,  but  where  they 
are  slight,  they  appear  to  fulfil  no  important  function,  and  hence 
can  be  used  just  as  the  stipules  of  KubiacesB  are,  for  diagnostic 
characters.  The  same  may  be  said  of  the  characters  of  the  ele- 
meilts  of  the  pith.  Lastly  it  must  not  be  forgotten  that  every 
contribution  to  this  subject  adds  to  the  records  already  at  hand 
for  the  identification  by  the  microscope  of  species,  genera,  and 
orders,  of  which  only  imperfect  specimens  are  known. 

B.  jResearches  on  the  origin  and  development  of  canals  and 
receptacles  for  secretions;  by  A.  LeBlois.  (Ann.  Sci.  Nat.  ser.  VII, 
vi,  p.  247. — This  subject  is  allied  to  the  last.  In  canals  and 
receptacles  for  secretion  we  have  conspicuous  organs  which  are 
widely  diffused  through  the  orders  ^f  flowering  plants,  and  in 
some  cases  have  distinctly  biological  oflices  of  attraction,  protec- 
tion, and  the  like.  But  in  some  other  familes,  these  organs  are  so 
much  reduced  that  they  can  hardly  be  believed  to  subserve  any 
important  oflice,  and  in  a  few  they  exist  as  mere  vestiges.  Van- 
Tieghem  has  been  successful  in  utilizing  these  organs  for  class- 
ificatory  purposes  in  the  case  of  Myrtaceae,  where  he  has  applied 
what  may  be  fairly  called  a  quantitative  method.  Tr^ul  and 
Mtlller  have  also  devoted  much  attention  to  the  examination 
of  this  important  subject,  but  even  yet  comparatively  little 
is  known  about  the  matter.  This  last  continbution,  by  Le- 
Blois, adds  many  interesting  details  of  an  apparently  trust- 
worthy character,  and  gives  also  some  results  of  physiological 
speculation.  His  conclusions  may  be  given  with,  little  change  in 
form.  Tlie  tissues  under  consideration,  are  living  (in  distinc- 
tion from  those  which,  like  tracheae,  have  passed  through  their 
development  and  have  become  non-living),  and  they  are  always 
produced  by  division  and  separation,  never  by  destruction  and 
absorption  of  cells.  Further,  they  are  secreting  tissues.  .  They 
appear  under  two  forms,  the  canal  and  the  receptacle,  in  both 
cases  generally  surrounded  by  a  protective  sheath.  The  two 
forms  are  met  with  either  isolated  or  conjoined.  Proper  recep- 
tacles for  secretions  are  never  met  with  in  roots,  but  thev  are 
frequently  observed  in  leaves.  The  secretinor  system  is  preco- 
cious in  development,  either  in  the  embryo,  as  in  some  cases,  or 
in  parts  arising  later.  g.  l.  g. 

2.  77ie  Botanical  Works  of  the  late  George  Engelmann, 
Collected  for  Henry  Shaw,  Esq.,  and  edited  by  William  Tre- 
LEABB  and  Asa  Gbay.  Cambridge,  1887. — This  large  quarto  vol- 
ume comprises  the  results  of  Dr.  Engelmann's  researches  prosecuted 
during  the  scanty  leisure  of  a  laborious  profession.  His  earliest 
paper  relates  to  the  morphology  of  plants,  and  brings  out  clearly 
the  main  principles  which  underlie  the  structure  of  Irhanerogams. 
This  was  Dr.  Engelmann's  inaugural  thesis  and  formed  a  fitting 
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ntroduction  to  fifty  years  of  botanical  activity.  The  examina- 
ion  of  neglected  and  difficalt  groups  of  plants  possessed  a  peculiar 
^harm  for  this  morphologist.  Thoroughly  grounded  in  the  prin- 
nples  of  morphology,  he  was  able  to  make  all  of  his  work  of  the 
:iigbest  order.  It  was  fitting  that  these  valuable  contributions 
should  be  brought  together  into  a  memorial  volume.  That  this 
volume  has  been  made  entirely  worthy  of  him  whom  it  commem- 
orates is  due  primarily  to  the  affectionate  appreciation  of  Dr. 
Bngelmann's  friend  and  neighbor,  Mr.  Henry  Shaw,  who  has 
taken  pride  in  lavishing  expense  upon  this  superb  record  of  criti- 
cal investigation.  It  is  another  proof,  if  indeed  any  were  needed, 
)f  the  sincere  interest  in  scientific  botany  which  is  felt  by  the 
nunificent  founder  of  the  Shaw  School  of  Botany.  To  the  edi- 
;or8  belongs  the  credit  of  judiciously  preparing  the  text  for 
)ublication,  by  most  careful  collation.  Since  it  is  a  memorial 
rolume  it  has  been  left  without  editorial  comment  even  at  those 
joints  where  comment  might  under  other  circumstances  have  been 
lesirable. 

3.  JEJxcursions  Zoologiquea  dans  les  Isles  de  Fayal  et  de  San 
\£igt&el  (A9ores),  par  Jules  de  Guerne.  Campagnes  Scien- 
ifiques  du  Yacht  Mon^gasque  L'Hirondelle.  Troisi^me  annee, 
887. — The  voyages  of  the  Hirondelle  are  under  the  direction  of 
L  A.  le  Prince  Albert  de  Monaco,  with  the  "  collaboration  "  of 
^rofessor  S.  Pouchet,  and  have  in  view  the  study  of  the  currents, 
ife,  etc.,  of  the  ocean.  A  stay  at  the  Azores  for  some  time  in 
887  enabled  M.  J.  de  Guerne  to  study  the  life  of  some  fresh- 
rater  lakes  of  San  Miguel  and  Fayal-  The  lakes  of  San  Miguel 
.re  situated  in  the  crater  of  Sete  Cidades  at  the  west  end  of  the 
aland.  The  crater  is  nearly  circular,  and  has  a  longer  diameter 
W.N.W.-E.S.E.)  of  5  kilometers,  and  the  highest  point  around 
b  is  846  meters  above  the  sea.  There  are  four  lakes  at  the 
»ottom,  3  kilometers  square  and  less  in  size ;  three  of  them  about 
i70  meters  above  sea-level  and  22  to  30  meters  in  maximum 
lepth.  Two  of  them,  Lagoa  Grande  and  L.  Azul,  probably  date 
rom  the  year  1444,  and  a  third  from  1563.  The  Fayal  lake 
annot  date  back  of  the  eruption  of  Capello  in  1672.  Hence  the 
pecies  that  live  in  these  lakes  are  of  recent  introduction. 

The  author  describes  critically  and  with  many  references  to 
previous  publications  the  freshwater  and  terrestrial  species  ob- 
erved,  noting  their  distribution  elsewhere,  and  any  peculiarities 
.cquired,  and  describing  many  new  species.  The  origin  of  the 
listribution  of  the  species  is  next  considered,  and  the  following 
re  the  more  important  conclusions  reached. 

The  terrestrial  fauna  of  the  Azores,  is,  as  generally  regarded, 
trongly  European ;  and  the  freshwater  fauna  perhaps  still  more 
trikin^ly  so.  The  species  in  the  fauna  are  those  of  extremely 
ride  distribution  and  many  are  cosmopolites. 

Moreover  they  are  kinds  that  are  well  furnished  with  means  of 
issemination,  and  owe  to  this  the  circumstance  that  they  have 
eached  the  Azores.    They  seem  for  the  most  part  to  have  been 
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carried  by  the  winds  and  by  birds  ;  and  the  winds  were  of  se 
ondary  importance.  The  peopling  was  carried  forward  rapidl 
as  the  recent  origin  of  the  lakes  proves.  The  extreme  fecundi 
of  most  of  the  aquatic  types  and  their  remarkable  faculty 
adaptation  to  cold,  heat,  and  impure  waters,  and  M  the  sai 
time  the  freedom  from  struggle  for  existence  explains  why  1 
waters  could  become  so  quickly  peopled  while  still  decidec 
impure  from  volcanic  agency.  Further,  the  study  of  the  aqua 
fauna  leads  to  the  conclusion  that  the  terrestrial  fauna  is  equa 
due  to  the  fortuitous  introduction  of  species  either  from  the  c 
tinents  or  from  the  nearer  archipelagos  or  islands  of  the  Atlan 
The  fact  of  greater  differentiations  in  the  terrestrial  fauna  tl 
in  the  aquatic,  and  especially  in  the  moUusks  (of  which 
species  of  Bvlimns  are  examples),  is  a  consequence  of  the  m 
less  frequent  transportation  of  the  types  constituting  it  and  of 
more  ancient  origin.  Among  amphipod  crustaceans  the  Orchti 
Chevreuxi,  reported  as  new,  is  probably  a  modified  marine  fo 
At  a  former  epoch,  when  the  oceanic  currents  or  conditions  vi 
different  from  now,  various  species  have  been  brought  to 
archipelago  on  floating  bodies  and  even  upon  ice.  The  prese 
of  erratic  blocks  on  the  shores  of  Terceira  and  Santa  Maria  ! 
tains  this  conclusion. 

The  alpine  character  often  attributed  to  the  fauna  M.  Gue 
does  not  regard  as  established.     The  species  so  considered 
those  of  very  wide  distribution.     The  present  fauna  will  proba 
be  soon  more  or  less  displaced  by  new  introductions. 


III.  Miscellaneous  Scientific  Intelligence. 

1.  Meeting  of  the  American  Association  for  the  Advaficemem 
Science^  for  1888. — The  date  of  August  22d,  for  the  meeting  of ' 
Association  at  Cleveland,  has  been  changed  by  the  Local  Cc 
mittee  to  the  15th,  on  account  of  another  great  gathering  to  \x 
pla'ce  there  that  week.  The  special  office  and  reception  rooms 
the  Association  will  be  at  No.  407  Superior  street,  next  door  toi 
HoUenden,  where  will  be  the  hotel  headquarters.  The  meetii 
will  be  held  at  the  Central  High  School  Building  on  Wilson  A 
nne,  where  will  be  the  offices  of  the  Local  Committee  and  of  i 
Permanent  Secretary  during  the  week  of  the  meeting. 

2.  Annual  Report  of  the  Board  of  Regents  of  the  Smith 
7iian  Institutioji^  showing  the  operations,  expenditures  and  c 
dition  of  the  Institution  to  July,  1885.  Part  II. — This  volume 
940  pages  is  occupied,  after  reports  of  progress  in  the  several 
partments,  with  an  illustrated  descriptive  report  by  Thomas  D 
aldson,  of  the  George  Catlin  Indian  Gallery,  in  the  tJ.  S.  ] 
tional  Museum,  with  a  memoir  and  statistics.  It  is  illustrated 
nearly  160  plates  and  maps,  which  have  wide  ethnographic,] 
torical  and  geographic  value. 

3.  Lick  Observatory y    University   of   California,  —  The  L 
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Observatory  was  formally  transferred  by  the  Lick  Trustees  to 
the  Regents  of  the  University  of  California  on  the  first  of  June. 
The  expenditures  leave  about  90,000  dollars  of  the  fund  for  the 
expenses  of  care  and  use — a  small  sum  which  the  University 
hopes  to  see  raised  by  further  beneficence  from  the  wealth  of  the 
State  to  a  million.  The  address  of  the  officers  of  the  Observatory 
is  "Lick  Observatory,  Mt.  Hamilton,  via  San  Jos6,  California." 
The  oflScers  connected  with  the  observatory  are  :  Edward  S.  Hol- 
den,  director  and  astronomer,  S.  W.  Burnham,  J.  M.  Schseberle, 
J.  E.  Keeler  and  E.  E.  Barnard,  astronomers,  and  C.  B.  Hill, 
assistant  astronomer,  secretary  and  librarian. 

4.  A  matter  of  interest  to  Societies,  Libraries  and  Geologists, 
—Any  institution  or  individual  desiring  to  obtain  the  publications 
which  will  be  distributed   to  the  members  of  the  approaching 
Geological  Congress  in  London,  as  well  as  the  published  volume 
of  its  Proceedings,  may  accomplish  this  by  sending  ten  shillings 
'(about  ♦2.50)  to  "  William  Topley,  Esq.,  Gen.  Secretary  of  the 
Committee  on  organization  of  the  London  Geological  Congress, 
^nseum,  28  Jermyn  St.,  London,"  stating  the  name  of  the  sender 
and  the  object  of  the  sum  enclosed.     Some  of   the  pnblicaLions 
thus  obtained  will  have  great  value  and  cannot  be  otherwise  pre- 
served.    Each  of  the  two  volumes  of  the  Proceedings  of  previous 
sessions  of  this  Congress  which  have  yet  been  published  (those 
of  Paris  and  Bologna)  are  difficult  to  procure  and  cost  much  more 
than  the  sum  above  mentioned.  p.  f. 

5.  The  next  session  of  the  Inter Jiational  Geological  Conijress 
(the  4th)  will  open  on  the  17th  of  September.    All  persons  desiring 
to  become  members  are  requested  to  address  the  secretary  at  an 
early  date,  mentioning  their  names  in   full,  places  of  residence, 
and  positions  or  titles.     The  fee  is  ten  shillings.     Members  who 
^^ve  paid  the  fee  will  be  entitled  to  the  Proceedings  and  other 
ordinary  publications  of  the  Congress,  whether  present  at  the 
™^eting  or  not.     Professor  Prestwich  is  president  of  the  meeting. 
6'  Hayden  Memorial  Geological  Fund. — Mrs.  Emma  W.  Hay- 
f?  '^^8  given  to  the  Academy  of  Natural  Sciences  of  Philadel- 
phia in  trust  the  sum  of  $2,500,  to  be  known   as  the  Hayden 
•WeiuQrinj  Geological  Fund  in  commemoration  of  her   husband, 
^°®  late  Prof.  Ferdinand  V.  Hayden,  LL.D.     According  to  the 
^f^s  of  the  trust  a  bronze  medal  and  the  balance  of  the  interest 
*"^'ng  from  the  fund  are  to  be  awarded  annually  for  the  best 
Publication,  exploration,  discovery  or  research  in  the  science  of 
^®<>logy,  and  paleontology,  or  in  such  particular  branches  thereof 
^  '^ay  be  designated.     The  award  and  all  matters  connected 
^^^with  are  to  be  determined  by  a  committee  to  be  selected  in 
''appropriate  manner  by  the  Academy.     The  recognition  is  not 
^  *^^  contiiied  to  American  naturalists, 
^^^demy  of  Natural  Sciences  of  Philadelphia,  May  10,  1888. 

.*•  Medals  of  the  Geological  Society  of  London. — At  the  an- 
^^^^rsary  meeting  of  this  Society  in  February  last,  the  Wollaston 
^^*^  medal  was  awarded  to  Mr.  H.  B.  Medlicott ;  the  Murchison 


80  Miscellaneous  Intelligence, 

medal  to  Professor  J.  S.  Newberry ;  the  Lyell  medal  to  Professor 
H.  Allevne  Nicholson. 

Obituary. 

Roland  Duer  IR^^XG. — Prof.  Irving  of  the  University  of  Wis- 
consin, died  suddenly  of  paralysis  at  Madison,  Wisconsin,  on  the 
30th  of  May.     Mr.  Irving   had  won    for   himself   the   reputation 
of  one  of  the  world's  best  geologists  by  his  elaborate  memoirs  as 
geologist  of  Wisconsin,  and  also  of  the  United  States  Geological 
Survey,  on  the  Archa?an  and  Copper-bearing  rocks  of  Wisconsin 
and  the  adjoining  regions  about  Lake  Superior,   and  much   was 
expected  of  hira  in  the  continuation  of  his  labors.     He  was  bom 
in  New  York  on  the  27th  of  April,  1847,  and  therefore  had  passed 
but  a  few  days  beyond  his  forty-first  birthday.     He  graduated  in 
1869  at  the   Columbia   College    School  of  Mines   as   a   Mining 
Engineer,  and  ten  years  later  the  Institution  conferred  on  him  the 
title  of  Doctor  of  Philosophy.     In  1870  he  entered  on  his  duties 
as  Professor  of  Geology,  Mining  and  Metallurgy  in  the  Univer- 
sity of  Wisconsin,  a  position  which  he  held  until  his  death.    From 
1880  to  18S2  he  was  one  of  the  United  States  Census  Experts. 

The  new  geological  survey  of  Wisconsin,  authorized  by  the 
State  in  1873,  included  Prof.  Irving  among  its  geologists.  He 
had  previously  begun  his  study  of  the  rocks,  and  in  February  of 
1872  published  the  first  of  his  papers  on  the  subject  that  appear 
in  this  Journal.  The  results  of  his  further  labors  in  the  study  of 
the  minerals,  rocks  and  geology  of  the  State  occupy  a  large  part 
of  the  several  volumes  of  final  reports  published  between  1877 
and  1883  ;  and  they  all  bear  the  marks  of  careful,  conscientious 
work,  by  one  who  was  thoroughly  prepared  for  the  difficult  prob- 
lems before  him.  His  State  work  supplemented  by  additional 
investigations  in  1882,  when  he  was  put  in  charge  of  the  Lake 
Superior  Division  of  the  U.  S.  Geological  Survey,  was  the  basis 
of  his  volume  on  the  Copper-bearing  rocks  of  Lake  Superior, 
published  by  the  Survey  in  1883,  and  also  of  other  memoirs  on  the 
Archaean  rocks  which  were  preliminary  to  a  full  report  that  re- 
mains unfinished.  He  had  selected  assistants  for  the  present 
season  but  a  few  days  before  his  death.  His  paper  on  the  Huron- 
ian  in  volume  xxxiv  (1887)  of  this  Journal  is,  we  believe,  his  last 
publication. 

Prof.  Irving  leaves  a  widow,  two  sons,  and  one  daughter. 

A.  H.  WoETHEX,  the  excellent  State  Geologist  of  Illinois,  died 
in  the  early  part  of  the  month  of  May.  A  notice  is  deferred  io 
the  following  number. 
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[Continued  from  page  32.] 

General  Summary  with  Conclusions. 

subjects  connected  with  Mount  Loa  and  the  summit 
considered  in  the  following  summary  and   conclusions 

following : 

%€  limes  and  tiine-4m,tervals  of  entptions  amd  of  summit 
lations  or  activity,  with   reference   to   (1)  periodicity, 
tions  to  seasons,  (3)  variations  in  activity  since  1843,  and 
}  changes  in  the  depth  of  the  crater. 
^he  orainary  activity  within  the  summit  crater, 
^auses  of  the  ordinay*y  movevnents  within  the  cra/ter. 
t  follows  Part  III,  treating  of  the  causes  of  eruptions  in 
»a  and  Kilauea,  and  afterward,  of  the  relatione  of  the  two 
)es. 

the  further  illustration  of  the  volcanoes  the  foUow- 

p  of  the  Hawaiian  Islands  is  here  introduced.     Besides 

g  the  forms  of  the  islands,  their  relative  positions  and 

:>  parallel  lines  between  Oahu  and  Hawaii,  it  gives  also 

jths  from  the  soundings  of  the  Challenger  and  of  vessels 

U.  S.  Navy,  and  others  made  with  reference  to  tele- 

lines  between  the  islands  for  which  the  map  is  indebted 

Hawaiian  Government  Survey. 

OUR.  Sci.— Third  Series,  Vol.  XXXVI,  No.  212.— Aueusr,  1888. 
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1.  Timea  and  l^me-intervdU  of  Eruptions. 

1.  Question  of  Periodicity, — Commencing  with  the  eruption 
of  1832,  there  have  been  nine  registered  eruptions  of  Mt.  Loa. 
Their  times  and  heights  of  outflow,  directions  and  lengths  of 
stream,  and  relations  to  earthquakes,  are  stated  in  the  foDowing 
table : 


1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


1832 
1843 
1851 
1852 
1855 
1859 
1868 
1880 
1887 


June  20,  2-3  weeks, 

Jan.  9  to  end  Feb.,  1^  moa 
Aug.  8,  for  3  or  4  days, . . 
Feb.  17  into  March,  20  d'ys 
Aug.  1 1  to  No^,  '66, 15  ms 
Jan.  23  to  Nov.  25, 10  mos. 

March  27,  16  days, 

Nov.  5  to  Aug.,  '81,  9  mos. 
Jan.  18, 10  days, 


Beporte<l 
EartDQuakea. 


Height  of  chief 
oat-flow. 


none. 

none. 

none. 

none. 

none. 

none, 
earthquakes 

none, 
earthquakes 


Summit. 
11,000. 
12,900. 
little  over  10,000 
12,000. 
10,600. 

3,000. 
11,100. 

5,600. 


Direction  and 
length  of  flow. 


No  outflow. 
N.N.W.,  15  m. 
W.,  10  m. 
B.,  20  m. 
E.,  26  m. 
N.W.,  33  m. 
S.,  10-1 1  m. 
E.,  30  m. 
S.  14  m. 


The  intervals  between  these  eruptions,  reckoning  (A)  be- 
tween their  beginnings,  and  (B)  between  the  end  oi  each  and 
the  beginning  of  the  following  one,  are : 


Between  eruptions — 


A. 


B. 


-1  and  2 

10 

years 

8  mos. 

10 

y^ears  7  mos 

2  and  3 

8 

a 

1      " 

8 

"     6*  " 

3  and  4 

. 

6*  " 

6     '' 

4  and  5 

3 

« 

6     " 

3 

u     5     « 

5  and  6 

3 

cc 

6     ** 

2 

«     2     " 

6  and  7 

9 

(( 

2     « 

8 

«     4     « 

7  and  8 

12 

a 

7     '' 

12 

(c      ^      a 

8  and  9 

6 

a 

2i  " 

5 

«     6      " 

The  eruptions  above  enumerated,  that  of  1832  perhaps  ex- 
cepted, were  great  eruptions ;  that  is  they  had  outside  or  subaerial 
outflows.  But  the  history  shows  that  at  other  times  in  the 
sixty-five  years  the  summit  of  the  mountain  has  been  often 
brilliantly  lighted,  and  surmounted  with  a  column  of  clouds  of 
great  height,  made  apparently  from  the  escaping  vapors,  which 
became  alofty  column  of  light  at  night.  These  summit  illumin- 
ations have  iJeen  shown  to  be  evidence  (p.  27)  not  merely  of  ac- 
tion in  or  about  the  crater,  but  decisively  of  a  boiling  or  foun- 
tain-like activity  in  the  liquid  lavas,  if  not  also  of  outflowing 
streams.  The  drifting  of  File's  hair  on  such  occasions  35  miles 
to  Hilo  is  as  good  testimony  to  the  playing  of  jets  or  fountains 
as  a  not«  from  an  observer  at  the  summit. 

Moreover,  we  have  learned  from  Kilauea  that  these  times  of 
brilliant  action  within  the  crater  may  be  followed  by  subter- 
ranean or  submarine  discharges  when  not  by  subaerial;  and 
therefore  that  they  are  not  Sways  merely  the  flaring  up  and 
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fading  out  of  the  crater-fires.  They  announce  that  the  top  of 
the  Mt,  Loa  column  of  liquid  lavas  is  in  the  crater^  or  has  it? 
maximum  length,  -and  is  at  serious  work,  even  if  no  outbreak 
ensues. 

The  following  table  contains  the  times  of  these  minor  dis- 
plays, as  well  as  those  of  the  admitted  greater  eruptions.  In 
the  table  the  latter  are  indicated  by  italics : 

Dates.  Conditions  at  the  Summit. 

1.  1«32.  June  20.  Bright  light  at  the  summit,  2-3  weeks. 

2.  1843.  Jan.  9  to  laU  in  Feb.;  H  www.  Clouds  ;  Jan.  10-17,  bright  light 

3.  1849.  May,  2  to  3  weeks.  Brilliant  light;  just  after  activity  in  K. 

4.  1851.  Aug.  8  ;  3  or  4  dags.  Bright  light  for  3  or  4  days. 

5.  1852.  Feb.  lb  to  June;  about  4  mo8.  Brilliant  light  for  24  hours. 

6.  1855.  Aug.  11  to  Aor.,  1856;  15  mos.  Bright  light  at  beginning. 

7.  1859.  Jan.  23  to  Xov.  25  ;   10  mos.  Brilliant  light  at  first. 

8.  1S65.  Dec.  30;  4  mos.  Brilliant  light  for  4  mos.,  varying:  at 

close,  Kilauea  increases  its  activitv. 

9.  1868.  Mar.  27  to  Apr.  12;    the  flow  Bright  hght  from  March  27  to  30. 

4  days. 

10.  1872.  Aug.  10,  into  September.  Brilliant;  a  lava  fountain  of  500  feet;  a 

tidal  wave  on  the  coast;  K.  very  active. 

11.  1873.  Jan.  6,  7;  2  days.  Brilliant. 

12.  1873.  Apr.  20  to  Oct.,  1874;  18  mos.  Brilliant   more  or  less  for  18  mos.:   in 

June  and  Aug.,  '73,  a  lava  fountaio. 
300-600  feet. 

13.  1875.  Aug.  11;  one  week.  Brilliant. 

14.  1876.  Feb.  13;  few  days.  Brilliant. 

15.  1877.  Feb.  14;  few  days.  Brilliant;  a  submarine  eruption. 

16.  1880.  May  1.  Brilliant:  a  lava  fountain  of  900  feet: 

Pole's  hair  fell  in  Uilo. 

17.  1880.  Nbc.  5  to  Aug.,  1881 ;  9  mos.     Bright  for  a  few  days. 

18.  1887.  Jan.  16;  fen  days.  Bright  for  a  few  hours. 

19.  1887.  Nov.  25,  into  Feb. ;  1  mth.        Vapors;  no  light  seen. 

The  table  contains  the  dates  of  ten  periods  of  summit  activity 
or  illumination  independent  of  the  great  eruptions ;  some  short, 
but  others  prolonged  for  months,  and  varying  greatly  from 
time  to  time  in  bnghtness. 

All  these  minor  displays  have  taken  place  without  initiating 
or  announcing  earthquakes. 

It  is  obvious  from  the  tables  that  the  lengths  of  the  inter- 
vals between  the  eruptions  and  the  summit  illuminations  are 
too  various,  as  far  as  now  understood,  to  sustain  the  idea  of 
periodicity. 

2.  Relatioji  to  seasons. — The  evidence  of  a  seasonal  relation 
appears  to  be  beyond  question.  Out  of  the  whole  number.  19, 
5,  counting  in  that  of  1865,  occurred  in  January,  3  in  Febni 
ary,  4  in  March,  April  and  May,  and  1  in  June,  making  V6  in 
the  first  six*  months  of  the  year.  Of  the  remainder,  4  com- 
menced in  August  and  2  in  November.  Thus  16  out  of  the 
19  took  place  in  *the  wetter  season.  Add  to  these  facts  those 
from  Kilauea  mentioned  in  volume  xxxv,  p.  16,  where  the 
months  given  are  March  ?,  January  or  June,  May,  May,  Octo- 
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,  April,  April,  March,  and  the  number  for  the  same  months 
the  year  becomes  20  or  21  out  of  27.* 
•"ull  meteorological  tables  for  a  comparison  of  the  months 
D  precipitation,  both  at  the  base  and  summit  of  the  mountain, 
not  exist,  and  the  discussion  of  this  important  question  has, 
ref ore,  to  be  left  unfinished. 

have  received  the  following  notes  on  the  snows  of  Mt. 
I  in  a  recent  letter  from  Mr.  J.  S  Emerson  of  the  Hawaiian 
vernment  Survey.  "The  snow-cap  of  Mt.  Loa  in  general 
^  be  considered  as  making  its  first  appearance  in  the  early 
t  of  ^November,  and  as  lasting  until  late  into  March.  This 
nv  impression  from  observations  the  past  season,  which 
hmk  has  not  been  particularly  exceptional.  During  the 
ly  part  of  November  the  snow-fall  was  quite  light,  and 
mea  to  melt  rapidly  away  at  its  lower  edges.  By  the 
h  there  had  been  two  heavy  snow-storms  covering  the 
antain  top   with  a  thick   coat,   which  lasted   all   through 

winter.  The  snows  are  usually  the  heaviest  in  the  month 
February,  I  think,  though  I  did  not  see  the  mountain  dur- 

that  month  this  year.     My  last  view  of  Mt.  Loa  was  on 
rch  29th,  when  I  could  just  distinguish  patches  or  streaks  of 
w  on  the  more  protected  portions  of  the  summit " 
Che  relation  to  barometric  chanyes  is  an  important  subject 

future  study,  with  respect  to  which  we  have  now  no  knowl- 
:e.     There  are  also  variations  in  the  amount  of  vapors  over 

active  craters  dependent  on  hygroinetric  changes  to  be  in- 
tigated. 

n  view  of  the  above  facts  it  is  probable  that  if  there  is  any 
iodicity  in  eruptions,  it  is  more  or  less  dependent  on  meteor- 
irical  cycles. 
:.    Variations  in  activity  sbice  1843. — The  copiousness  of 

subaerial  discharges  has  diminished  greatly  since  1859. 
fore  the  end  of  that  year,  or  in  the  17  years  from  1843  to  1860, 
)  of  the  eight  great  eruptions  had  occurred  ;  and  of  the 
ee  in  the  following  27  years,  only  one,  that  of  1880-81,  was 
great  length. 

^e  frequent  occurrence  of  the  brilliant  summit  displays 
•ing  the  twelve  years  preceding  the  middle  of  1880  is  an- 
er  striking  fact.  Six  cases  are  reported,  and  one  was  pro- 
ved with  small  interruptions  for  eighteen  months, 
.he  first  of  these  displays  occurred  nearly  4^  years  after  the 
ption  of  1868.  But  Mr.  Coan,  the  mountain  chronicler, 
\  absent  in  this  country  during  one  year  in  the  interval — 
in  the  spring  of  1870  to  that  of  1871.  After  the  summit- 
)lay  of  August,  1872,  they  came  at  short  intervals,  their 

This  relation  to  the  seasoDS,  first  recognized  by  Mr.  Coan,  is  mentioned  also 
!r.  Green  in  his  Vestiges  etc.,  p.  332. 
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lengths  from  the  end  of  one  year  to  the  beginning  of  another, 
reckoned  in  months,  being  5,  3,  10,  6,  12.  After  February  of 
1877,  there  was  the  longer  interval  of  3^  years.  Sach  short- 
period  alternations  seem  to  imply  the  recnrrence  after  each  of 
a  subterranean  discharge  somewhere,  if  not  a  subaeriaL  The 
display  of  1877  quite  certainly  ended  in  a  submarine  eruption, 
and  probably  that  of  1872,  (pjp.  29,  26).  ^ 

4.  The  chcmgee  in  depth  of  the  sicmmitrcrater, — The  changes 
since  the  year  1884:,  when  the  crater  was  visited  by  Douglas, 
have  diminished  its  depth  by  at  least  400  feet,  ft  we  may 
trust — as  we  probably  ought  to  do — his  measurement  "  with  a 
line  and  plummet,"  makmg  it  1,270  feet.  In  1840,  Lieut 
Eld,  U.  S.  N.,  of  the  Wilkes  Exploring  Expedition,  made  the 
depth  on  the  west  side  784  feet  (p.  16),  and  in  1885,  J.  M. 
Alexander,  800  feet,  (plate  II). 

We  know  nothing  as  to  variations  in  the  level  of  the  floor 
after  and  before  an  eruption,  and  nothing  as  to  the  down- 
plunges  which  have  followed  discharges.  The  terrace-levels 
situated  at  the  north  and  south  ends  of  the  crater  may  mark 
high  lava-levels  just  previous  to  some  ancient  eruption;  but 
they  antedate  history ;  for  Wilkes's  niap  (p.  17)  shows  that  they 
existed  in  1840  very  much  as  now.  The'  map,  Plate  2,  by  J. 
M.  Alexander,  which  contains  his  '*  estimates''  of  the  depths  of 
the  terraces  or  "  plateaus  "  below  the  highest  point  or  summit, 
makes  the  terrace  at  the  south  end  on  a  level  with  the  upper 
of  the  two  at  the  north  end,  suggesting  thus  that  the  two  may 
mark  one  of  the  higlilava  levels  of  the  crater.  In  addition, 
it  places  the  bottom  of  the  South  Crater  (D),  and  that  of  the 

!)it  in  the  upper  north  terrace  or  plateau  (A'),  at  or  below  the 
evel  of  the  bottom  of  the  central  crater,  favoring  the  view  that 
all  three  parts  of  Mokuaweoweo  are  still  in  active  connection; 
which  view  is  sustained  by  the  facts  (1)  that  the  fountain  of 
May,  1880,  was  a  South  Crater  fountain,  and  (2)  that  the  pit 
A'  was  formed  since  1874,  as  it  is  not  in  Lydgate's  maj)  of  the 
crater  of  that  year. 

2.    Tlie  Ordinary  activity  of  th^  Mt.  Loa  crater. 

1.  General  course  of  action. — Although  but  few  ascents  to 
the  summit-crater  have  been  made  since  the  first  by  Douglas 
in  1834,  and  only  four  of  these  found  the  crater  in  action, 
there  are  still  facts  enough  for  important  conclusions.  The 
cycle  of  changes  has  been,  beyond  doubt,  the  same  essentially, 
as  in  Kilauea ;  that  is,  when  a  discharge  takes  place :  (1)  the 
lava  of  the  lava-column  within  the  central  conduit  of  the  moun- 
tain falls  to  a  level  some  distance  below  the  crater  (say  one 
or  more  hundred  feet),  as  a  consequence  of.  the  loss  by  the  out- 
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flow.  Then  begins  (2)  a  rising  of  the  lava  of  the  column 
until  it  again  shows  part  of  its  fiery  top  in  the  bottom  of  the 
crater  eiiigaged  in  its  usual  projectile  work,  and  until  finally  it 
has  reached  a  maximum  height ;  and  then  follows  (3)  a  new 
dischar^,  and  another  time  of  inactivity  for  the  crater. 

2.  The  projectile  act/ion  witkm  the  crater. — Projectile  action 
in  the  Mt.  Loa  crater  is  in  strong  contrast  with  that  of  Kilauea. 
Instead  of  the  Eolauea  feature  of  low  jets  sng^ting  ordin- 
ary ebullition,  with  only  occasional  throws  to  a  height  of  100 
to  200  feet,  the  descriptions  of  the  summit  action  t^l  solely  of 
fountains  of  clustered  jets  75  to  600  feet,  and  even  900  feet 
high,  as  if  the  height  of  the  jets  or  the  intensity  of  the  action 
was  proportional  to  the  height  of  the  lava-colunm.  The  four 
accounts  of  this  activity,  one  in  1872,  two  in  1873,  and  one  in 
1880,  are  alike  in  this  respect  One  of  the  two  in  1873  de- 
scribes the  crater  when  the  summit-light  appeared  feeble  from 
below,  and  the  other  when  brilliant,  and  the  former  is  scarcely 
less  marvellous  in  its  fountains.  The  evidence  is  almost  con- 
clusive that  such  fountains  are  of  ordinary  occurrence.  This 
was  the  opinion  of  Mr.  Coan  ;  and  Mr.  W.  L.  Green,  in  view 
of  his  summit  observations  in  1873  (p.  28)  and  the  reported 
facts  of  others,  ascribes  to  all  the  periods  of  summit  illumina- 
tion "  great  fountains." 


3.   Causes  of  the  Ordinary  movements  within  the  Crater. 

1.  The  rise  of  the  lava  in  the  conduit. — ^The  rise  of  the 
conduit  lava  may  be  safely  attributed  in  part,  probably  a  large 

f)art,  as  in  Kilauea,  to  the  quietly-acting  ascensive  force  in  the 
ava-column. 

The  other  volcanic  agency  of  greatest  prominence,  as  admitted 
for  other  volcanoes,  is  that  of  the  rising^  expanding  and  escap* 
ing  vapors.  The  vesiculating  eflEects  of  the  vapors  as  regards 
the  Mt  Loa  flow  of  1880-81  have  been  already  described 
(xxxv,  222) :  and  it  remains  to  consider — 

2.  The  cause  of  the  high  projectile  action  in  the  summit 
crater. — Higher  projectile  action  in  Mt.  Loa  than  in  Kilauea 
through  the  escape  of  elastic  vapors  might  come  (1)  from 
greater  viscidity  in  the  lava ;  or  (2)  from  less  specific  gravity 
of  the  material ;  or  (3)  from  a  larger  supply  of  vapors.  The 
first  of  these  causes  cannot  be  the  right  one,  for  greater  vis- 
cidity should  lead  to  high  cinder  ejections ;  on  the  contrary, 
the  lavas  show  that  they  are  as  mobile  as  the  Kilauea  lavas  by 
the  velocity  of  the  lava  streams  and  all  the  attending  phe- 
nomena, and  more  by  the  free  play  of  the  fountains.  The 
second  is  set  aside  by  the  near  identity  of  the  lavas  in  density  : 
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that  of  the  Mt.  Loa  flow  of  1880-81  being  2*98  ;  that  of  ordi- 
nary Kilauea  lava,  2*97-3 -05 ;  an  old  lava,  from  Waldron's 
ledffe,  excessively  ehrysolitic,  3*15. 

fi  neither  of  tnese  explanations  meets  the  case,  we  have  only 
the  third  to  appeal  to — a  greater  volnme  of  elastic  vapors.  It 
is,  accordingly,  probable  that  the  canse  which  can  prodnce  occa- 
sional jets  of  100  to  200  feet  in  Kilauea  is  capable  of  prodnciDg 
ihoprevailing  high  jets  or  fountains  of  the  summit  oi  Mt  Loa. 

But  why  snoula  the  volume  of  vapors  in  the  lava-column  be 
greatest  at  the  summit  ?  The  amount  of  work  done  there  is 
ordinarily  at  least  100  to  1000  times  greater  than  in  Kilauea: 
for  the  jets  are  5  to  10  times  higher. 

This  difference  in  amount  could  not  be  a  fact  if  the  vapors 
within  the  slowly  ascending  lavas  were  from  the  profound 
depths  that  supply  the  lava,  or  even  from  depths  much  below 
the  sea-level.  For,  under  such  circumstances,  (1)  the  difference 
in  the  amounts  carried  up  to  the  two  craters  would  be  small, 
since  the  rate  of  supply  from  below  would  be  essentially  uni- 
form; and  (2)  the  difference  in  the  height  of  the  columns 
would  be  more  favorable  to  Kilauea,  whose  lava-column  rises 
above  tide  level  but  3700  feet,  than  to  Mt.  Loa  9000  feet  higher. 
The  area  of  the  floor  of  Kilauea  exceeds  that  of  Mt.  Loa. 

But  if  freshwater  from  precipitation  over  the  island  supplies 
the  vapors,  then  the  difference  in  the  heights  of  the  conduit 
lava-columns  is  greatly  in  Mt.  Loa's  favor.  A  section  of  its 
lava  column  at  tne  sea-level  may  receive  moisture  during  the 
whole  time  of  its  rise  to  the  summit,  a  distance  3*8  times  that 
for  Kilauea.  The  ratio  3*8  to  1  for  the  difference  in  supply  of 
moisture  to  the  columns  would  be  too  large  on  account  of  the 
less  precipitation  over  the  upper  part  of  the  mountain  and  the 
much  less  extent  of  surface  in  this  part ;  but  it  may  safely  be  put 
at  2  to  1,  if  not  2^  to  1.  The  ascensive  movement  m  the  Mt.  Loa 
lava-column  may  be  somewhat  more  rapid  than  in  the  shorter 
conduit  of  Kilauea,  provided  the  hotter  central  portion  derives 
any  upward  thrust  from  the  pressure  of  the  coolerlateral  portion, 
(xxxiv,  .  .  .  ) ;  and  this  cause  would  diminish  the  difference 
between  the  two  as  to  the  supply  of  vapor  received ;  yet  not 
largely. 

The   fact   here  apparently   established — that   only  through 
waters   from   the   island-precipitation  could   Mt  Loa   get  its- 
larger  supply — affords  new  evidence  that  the  inlamA  waters  are 
the  chief  source  of  the  vapoi^s  concerned  in  Ilawaiian  voUanic 
action. 

Is  there  any  other  source  of  the  Projectile  action  f  The  lava- 
fountains  of  the  summit-crater  are  so  marvelous  in  size  consid- 
ering the  density  of  the  lavas,  so  near  the  incredible,  that  we 
naturally  seek  for  other  possible  explanations. 
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Hydrostatic  pressure  is  oat  of  consideration,  inasmuch  as  the 
fountains  are  at  the  summit  of  the  dome  and  at  times  throw 
their  jets  50  to  100  feet  above  the  mountain's  top— over  14,000 
feet  above  the  sea-level. 

Another  source  of  projectile  action  has  been  suggested  by 
Mr.  Green,  as  briefly  mentioned  on  a  preceding  page  (xxxv, 
216).  In  opposition  to  other  writers  on  volcanoes,  lie  sets  aside 
the  idea  that  vapor  of  water  is  concerned  eflFectually  in  the 
projectile  action  even  of  Kilauea.  The  feeble  amount  of 
vapors  observed  by  him  over  the  fountain  of  the  summit-crater 
in  1873,  and  the  general  absence  of  vapoi's  from  the  flowing 
lava-streams  of  1859  and  1880-81,  besides  other  similar  facts, 
have  led  him  to  his  position  on  this  point.  He  recognizes  the 
fact*  that  great  heaps  and  columns  of  clouds  form  over  an 
active  crater,  and  rise  at  times  to  a  height  of  many  thousands 
of  feet;  but  accounts  for  these  on  tlie  assumption  that  the 
heated  current  ascending  from  the  active  crater  derives  rapid 
accessions  of  air  from  either  side,  and  this  air,  by  being  earned 
up  to  cold  heights,  yields  the  moisture  by  condensation,  and  so 
forms  the  column  of  clouds.  Further,  he  finds  a  cause  of  some 
projectile  action  for  the  Kilauea  lava-lakes  and  others  in 
atmospheric  air  carried  down  by  the  descending  lavas  of  the 
jets  into  the  lava-lakes — as  the  crests  of  waves  carir  down  air 
into  the  sea ;  and  for  the  rest  of  it,  or  that  proaucing  the 
crater-fountains  like  those  of  Mt.  Loa,  he  holds  that  the  ascen- 
sive  action  in  the  conduit,  after  a  time  of  quiet,  suddenly  over- 
comes resistances  or  stoppages  that  have  come  to  exist  in  the 
conduit  at  depths  below,  and,  as  a  consequence,  the  lavas,  sud- 
denly released,  are  thrown  up  in  fountains,  like  the  jets  of  min- 
eral oil  from  an  artesian  bonng. 

I  have  already  met  part  of  the  argument  as  to  the  absence  of 
vapors  of  water,  in  my  remarks  .on  vesiculation,  by  showing  (1) 
how  extremely  little  moisture  is  needed  to  produce  vesiculation 
(xxxv,  226),  and  (2)  how  much  riaoisture  hot  air  will  dissolve 
and  make  invisible.  It  has  also  been  stated  (3)  that  if  a  Mt. 
Loa  lava-stream  has  but  a  single  fountain-head,  as  is  generally 
supposed,  though  not  proved,  nearly  all  the  vesiculation  must 
occur  at  the  source,  so  that  for  this  reason  and  the  heated  air 
above  it,  the  lava-stream  should  be  vaporless,  or  appear  so,  ex- 
cept where  there  are  fissures  below  for  additional  supply.f 

Further  (4),  direct  observation  proves  that  the  vapors  come 
lip    out  of  the  crater.      They  often   rise   directly  from   the 

♦  Vestiges  of  the  Molten  Globe,  pp.  75.  162-167,  175,  272-278,  309,  314. 

f  Mr.  Green  states,  as  ao  exceptional  case,  that  at  one  place  ou  the  Mt.  Loa 
flow  of  1880-81,  the  lavas  spread  into  a  large  lake,  and  vapors  rose  from  it  in 
great  amount  This  is  good  evidence  of  the  existence  there  of  a  local  supply  of 
lavas  through  a  fissure. 
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orifice  of  the  crater,  too  low  down  for  the  air-enrrent  to  have 
got  into  action :  and  in  sach  cases  there  is  an  obvious  sonrce  for 
the  condensed  moistnre,  and  that  is,  the  liquid  'lavas  of  the 
crater.  Mr.  Green  expresses  the  fact  well  in  the  words  (p.  169) 
^'  There  is  very  often  a  large  quantity  of  smoke  seen  to  arise 
from  the  orifices  of  eruption,  and  this  often  spreads  out  in  the 
higher  regions  of  the  atmosphere.  There  was  a  column,  per- 
haps 500  feet  wide  and  10,000  high,  arising  from  the  orifice  of 
1859  when  we  pitched  our  tent  along  side  it,"  at  a  point  on 
the  mountain  10,600  feet  above  the  sea-level. 

Further  (5),  the  feeble  amount  of  vapor  observed  by  him  in 
1873  over  the  fountain  in  the  summit-crater,  so  unhke  what 
had  existed  a  few  days  before,  may  have  its  explanation  in  the 
dryness  oi  the  atmosphere  at  the  time.  The  air  is  generally 
dry  at  the  summit,  but  must  have  its  phases  oi  unusual  dry- 
ness, during  which  an  unusual  amount  of  escaping  moisture 
would,  for  this  reason,  become  invisible. 

(7)  The  summit  fountain  is  a  combination  of  jets,  each  of 
which  must  have  had  its  initiating  projectile  act ;  and  it  con- 
tinues for  weeks  and  months  ;  and  this  is  at  variance  with  the 
evidence  from  Kilauea,  which  makes  the  ascensive  action  very 
gradually  and  quietly  lifting,  instead  of  projectile. 

Finally  (8)  the  cold  atmospheric  air  carried  down  into  a  lava- 
lake  by  the  jets  could  generate  very  little  projectile  power. 
The  air,  on  entering  the  lavas,  would  encounter  a  temperature 
near  2000°  F.  if  not  beyond  it,  and  hence  the  expansion  would 
cause  expulsion,  or  a  speedy  escape,  in  spite  of  any  currents  or 
intestine  movements  that  might  exist  in  the  boiling  cauldron. 

For  these  reasons  we  may  conclude  that  the  old  and  gener- 
ally accepted  explanation  which  attributes  the  projectile  action 
chiefly  to  water- vapor  is  not  seriously  invalidated  by  the  in- 
genious suggestions  brought  forward  by  Mr.  Green. 


Fart  III.— ERUPTIONS  OF  KILAUEA  AND  MT.  LOA. 

In  the  following  pages  the  subjects  considered  are  :  I.  The 
characteristics  and  causes  of  eruptions ;  11.  Metamorphism 
under  volcanic  action  ;  III.  The  form  of  Mt  Loa  as  a  result 
of  its  eruptions ;  I V.  The  relations  of  Kilauea  to  Mt.  Loa ; 
V.  General  volcanic  phenomena. 

Under  the  head  of  Eruptions,  the  principal  topics  are:  the 
kinds ;  the  places  of  outbreak  ;  the  causes  of  eruptions ;  the 
characters  of  the  lava  streams  ;  the  positions  and  origin  of  the 
subordinate  lateral  cones. 
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L  Chabactebistics  and  Causes  of  Ebuptions. 

Eruptions  are  of  two  kinds  :  (1)  Non-explosive  eruptions^  or 
quiet  outflows,  seismically  attended  or  not ;  and  (2)  jSxplosive 
eruptions^  or  catastrophic  upthrows.  Both  kinds  are  exempli- 
fied in  Hawaiian  volcanic  history.  There  are  also  (3)  combina- 
tions of  the  two  kinds  in  volcanic  regions. 

1.   ORDINARY  OR  NON-EXPLOSIVE  ERUPTIONS. 

Kilauea  and  Mt.  Loa  are  alike,  as  has  been  shown,  in  (1) 
their  mode  of  work  ;  (2)  the  southward  position,  in  the  crater, 
of  the  point  of  greatest  activity ;  and  (3)  the  general  features 
of  their  eruptions.  But  in  amount  of  eruptive  work  the  sum- 
mit crater  is  far  ahead  of  Kilauea,  and,  in  fact,  it  leads  the 
world.  Elilauea  has  had  but  one  subaerial  outflow  of  any  mag- 
nitude in  the  last  flfty  years,  and  that  only  twelve  miles  long. 
Mt.  Loa,  on  the  contrary,  although  nearly  13,000  feet  up  to 
the  bottom  of  the  crater,  has  had  in  the  same  time  only  one  of 
its  eight  less  than  twelve  miles  long,  and  several  Detween 
twenty  and  thirty-five ;  and  it  has  reached  its  height  without 
a  loss  of  eruptive  power.  It  is  reasonable,  therefore,  that  Mt. 
Loa  should  have  most  instruction  to  give  about  outflows. 

1.  Heights  and  positions  of  the  places  of  outbreak, 

1.  The  Heights. — The  place  of  outbreak  of  a  Mt.  Loa  erup- 
tion may  have  anv  height  from  the  summit  to  levels  far  below 
the  sea-level ;  and  this  "  far  below  "  may  be,  as  the  map  on  p. 
82  shows,  17,250  feet  down  before  reaching  the  actual  loot  of 
the  eastern  slope.  The  heights  of  known  occurrence  are  men- 
tioned in  the  table  on  p.  83.  The  completion  of  the  topo- 
graphical survey  of  Hawaii,  now  in  progress  under  the  govern- 
ment, will  before  long  give  more  correct  figures.  The  height 
of  the  source  of  the  one  Kilauea  outflow,  that  of  1840,  or 
rather  of  the  spot  where  it  appears  to  begin,  is  1244  feet 
(Wilkes). 

In  each  of  the  cases  of  eruption,  fractures  were  made  near 
the  summit  which  extended  aown  the  mountain,  with  only 
small  discharges  along  them  when  any,  to  the  place  of  chief 
outflow.  In  some  cases,  fissures  have  opened  on  the  brink  of 
the  crater  and  let  out  lavas ;  but  all  the  large  outflows  of  mod- 
em time  have  come  from  points  a  thousand  feet  or  more  below 
the  summit. 

2.  Iielatio7is  between  the  positions  of  the  places  of  outbreak 
and  the  diameters  of  the  craters, — The  course  of  the  northern 
half  of  the  longer  diameter  of  the  summit  crater  is  about 
N.  36*'  E.,  and  that  of  the  southern  half,  about  N.  20°  E.  or 
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S.  2?'»''  W..  a*  marked  on  the  upper  mnd  lower  margin  of 
Plate  IL  Four  of  the  ^ai^est  bira-streams  of  Mt.  Loa.  thoge 
of  1*43.  1^52.  1S55  arid  ll^^,  and  two  iXherB  to  the  south, 
x\j-^  of  !*'>•?  ar.d  1SS7.  hare  their  places  of  oot break  nearly  in 
the  line  of  the  re:rpective  halve*  of  th^  lornjrr  d^amet^r.  Again, 
three  of  the  eruptions,  those  of  ISM.  1S59  and  1S77,  broke  ont 
on  the  we»t  side  of  the  snmmit«  nearly  in  the  line  of  the  ^horkr 
fJ'Orti^i^r.  or  between  the  snmmir  and  HnalalaL 

There  i*  here  probable  evidence  of  a  dependence  of  the 
eruption*  to  some  extent  on  the  two  great  fissnre-lines  upon  or 
alKfUt  which  the  mountain's  foundations  were  laid 

The  direction  of  the  longer  diameter  of  Kilanea  is  about 
N.  .>♦»**  E.-S.  50'  W.  The  chief  coarse  of  emptions,  as  on 
Mt.  Loa,  is  marked  by  a  line  of  tisnires  and  ejections  running 
west-eouthwestward  in  the  direction  of  the  longer  diameter. 
But  the  large  outflow  of  1S40,  and  the  fissures  leading  to  it 
instead  of  pointing  toward  the  crater,  hare  a  coarse  nearly 
pnralUl  to  the  longer  diameter,  but  fifteen  miles  soath  of  the 
Kilauea  line.  This  is  seen  on  the  map.  page  82,  but  better 
on  Plate  I,  the  stream  being  the  one  near  the  east  cape. 

2.    Causes  of  Eruptions, 

1.  Slate  of  readme^  for  an  Eruption. — Tlie  ordinary. quiei 
work  of  the  craters  has  been  shown  to  be  carried  on  by — 

(\)  The  ascensive  force  of  the  conduit  lavas  ;  this  force  pro- 
ducing (Ij  a  slow  rise  in  the  liquid  rock  from  depths  below; 
and  (2 j>  a  raising  of  the  craters  bottom. 

(2)  The  elastic  force  of  rising,  expanding  and  escaping 
vaj)ors ;  producing  jets  and  fountains  in  the  lava-lakes ;  over- 
flows or  ejections  spreading  the  lavas  over  the  crater's  bottom ; 
vesiculation  of  the  lava  ana  consequent  increase  of  its  bulk 

Otlier  causes  have  been  mentioned  as  occasionally  in  action 
(xxxv,  228),  but  as  not  essential  to  the  chief  results. 

After  a  season  of  this  ordinary  activity,  with  more  or  less 
gra(hial  increase  of  intensity,  a  state  of  readiness  for  an  eruf 
tion  and  its  determining  conditions  have  been  reached.  This 
has  happened  when  the  lava  has  risen,  through  these  agencies, 
to  what  might  be  called  high-lava  mark;  a  level  some  hundreds 
of  feet  above  low-lava  mark  or  tlie  low  level  occasioned  by  the 
preceding  discharge. 

2.  Action  needed  for  an  Eruption. — After  this  preparation 
nothing  is  needed  for  an  eruption  but  an  agency  of  suflicient 
force  to  break  the  lava-conduit ;  for  if  broken  seriously  the 
lava  will  run  out,  and  therein  is  an  erui)tion  or  discharge. 

Neither  of  the  agencies  carrying  on  the  ordinary  quiet  work 
of  the  volcano  has  shown  itself  capable,  during  historic  time, 
that  is,  since  1822,  of  breaking  the  lava-conduit  for  a  discharge. 
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Che  escaping  vapors  have  spent  their  force  mostly  in  making 
ets  and  fomitams  and  feeble  outflows ;  and  still  more  quiet 
las  been  the  work  of  the  ascensive  force.  Eruptions  have  been 
i  sequel  to  years  of  this  quiet  work,  but  not  a  direct  effect  of 
he  action. 

3.  Agency  of  Earthquakes. — Earthquakes  have  often  been 
considered  an  effective  agent  in  eruptions.  But  during  the 
jast  sixty-five  years  only  two  of  the  eruptions  of  Mt.  Loa  and 
>ne  of  Kilauea  have  been  introduced  or  attended  by  noticeable 
earthquakes.  The  eruptive  agent  in  both  volcanoes  has  in 
general  worked  quietly,  "  as  quietly  as  the  moon  rises,"  says 
>ne  writer,  without  much  exaggeration..  The  star-like  light  on 
Mt.  Loa  has  been  followed  soon  by  a  stronger  glow ;  and,  ac- 
3ompanying  this,  a  rising  of  clouds  into  heaps  and  lofty 
3olnmns.  After  a  day  or  two  or  three,  the  summit-light 
having  disappeared,  the  flow  has  begun  one,  two,  or  three 
thousand  feet  below  the  top;  and  a  line  of  light  has  then 
slowly  lengthened  down  the  mountain  for  twenty  or  thirty 
miles ;  and  all  this,  quietly.  It  is  the  grandest  of  volcanic 
work  with  the  least  possible  display  of  force. 

The  facts  connected  with  the  two  eruptions  of  Mt.  Loa 
and  one  of  Kilauea,  that  were  attended  by  earthquakes,  merit 
special  review  in  this  place  because  they  teach  what  earth- 
quakes may  do,  and  by  what  means.  The  three  occurred  in 
the  years  1868  and  1 8«7. 

On  a  Friday  in  1868,  March  27  (p.  24  and  xxxiv,  91),  a 
light  was  seen  on  the  mountain  and  feeble  earthshocks  oc- 
curred. Only  slight  eruptions  followed.  Then,  in  accordance 
with  the  ordinary  rnle,  these  first  fires  at  the  summit  dis- 
appeared. But  the  earthquakes  increased  in  violence — not 
about  the  summit,  but  far  to  the  southward,  within  the  lower 
three  or  four  thousand  feet  of  the  mountain.  And  they  con- 
tinued increasing  until  that  "terrible  shock"  of  Thursday,  April 
2d.  Five  days  later,  April  7th,  the  lava  burst  out  from  an 
opened  fissure  at  a  point,  23  miles  distant  from  the  summit 
and  only  10  or  11  from  the  sea-coast. 

It  is  here  manifest  that  the  earthquakes  had  nothing  to  do 
with  preparing  for  the  eruption ;  they  were  too  late  for  this. 
It  is  possible  that  the  first  break  near  the  summit  anticipated 
the  first  earthshock  But  below,  in  the  region  of  most  violent 
disturbance,  greater  fissures  were  opened,  the  profoundest  prob- 
ably at  the  very  time  of  that  "  terrible  shock ;"  and  as  soon 
after  as  the  subterranean  passage  could  be  made — about  five 
days — the  lava  from  the  broken  Java-conduit  or  reservoir  made 
its  appearance  at  the  surface  and  hurried  down,  the  moun- 
tain to  the  sea.  But  at  the  sea-border  and  elsewhere  the 
fissures  were  probably  ahead  of  the  lava,  according  to  Professor 
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C-  H.  Hitchcock,  and  gave  it  exit  nearly  all  the  vray,  occasioD- 
inff  their  rapid  progress  seaward. 

Here  then  it  is  clear  what  the  earthquakes  did  to  produce 
the  eruption.  They,  or  the  canse  generating  them,  broke  a 
hole  into  the  conduit,  and  the  lava  escaped.  The  lava  of  the 
conduit  was  not  thrown  into  commotion  or  projected  to  great 
altitudes  at  the  summit;  instead,  it  sank  out  of  sight,  foUow- 
ing  the  rent  to  the  surface  far  down  the  mountain.  These 
events  were  repeated  almost  precisely  in  the  Mt.  Loa  eruption 
of  1887.  The  locus  of  the  outflow  and  of  the  earthquakes  in 
both  cases  was  far  south  in  southern  Hawaii,  and  the  two 
streams  followed  near  and  parallel  lines ;  the  chief  difference 
between  them  was  in  Ihe  higher  outlet  in  1887  by  2500  or 
3000  feet  (see  map,  page  82). 

The  earthquake  eruption  of  Kilauea  was  coincident  with 
the  first  of  tne  two  Mt.  Loa  eruptions  in  April,  1868.  He 
earthquakes  were  the  same  identical  earthquakes;  and  that 
"  terrible  shock  "  of  April  2d  was  for  each  the  special  dischai]^:- 
ing  agent.  Immediately  after  the  shock  the  fires  of  Eilanea, 
before  unusually  active,*  commenced  to  decline ;  by  night  of 
that  Thursday,  all  the  burning  cones,  by  night  of  Saturday  all 
the  smaller  lava-lakes,  and  by  Sunday  night,  the  great  Sonth 
Lake,  had  become  extinct.  And  then,  the  lavas  having  ran 
oflE,  half  the  floor  of  the  crater  sunk  down  300  feet. 

A  genetic  connection  between  the  earthquake  disturbance 
and  the  eruption  cannot  be  doubted.  The  earthquakes  came 
after  the  crater  had  reached  a  state  of  unusual  activity,  and 
hence  could  have  taken  no  part  in  the  preparation.  They 
simply  discharged  the  lava  by  breaking  the  conduit  that  held  it 

Moreover,  the  earthquakes  which  thus  emptied  Kilauea  were 
of  Mt.  Loa  origin ;  they  had  their  center  thirty  miles  or  more 
west  of  Kilauea,  and  were  made  through  the  Mt.  Loa  fires.  It 
is  a  case,  therefore,  of  one  mountain-volcano  accidentally  dis- 
cliarging  the  conduit-lava  of  another.  The  work  was  simply  a 
fracturing  of  the  mountain  in  different  directions;  for  the 
island  was  violently  shaken  from  the  west  side  to  Hilo  on  the 
east  coast ;  and,  in  the  general  fracturing,  the  two  volcanic 
conduits  were  broken  at  once,  an  accident  not  likely  to  often 
happen. 

It  is  also  to  be  noted  that  the  earthquakes  were  of  local  or 
volca7iic  orimn.  This  is  established  by  the  fact  that  only  two 
of  the  heaviest  shocks  reached  westward  to  Honolulu  on  Oahn 

*  Dr.  Hillebrand  states  that  for  two  months  previous  to  the  eruption  there  were 
eight  lava-lakes  in  the  bottom:  and  until  March  17th,  a  very  active  blow-hole  in 
the  northwest  coruer.  where  *'  large  masses  of  vapor  were  thrown  off  as  from  a 
steam  engine "  on  Thursday,  April  2d,  after  the  earthquake,  there  were  fearful 
detonations  in  the  crater,  and  portions  of  the  wall  tumbled  in ;  and  then  began 
the  decline. 
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(p.  24);  and  these  so  feebly  that  they  did  not  make  themselves 
generally  felt  in  that  city  (see  map,  p.  82).  The  depth  of  the 
oceanic  depression  between  Hawaii  and  Oahu,  which  is  only 
500  fathoms  where  least  (between  Hawaii  and  Maui),  was 
suflScient  to  stop  oflF  the  vibrations.  Further  as  in  the  Mt. 
Loa  eruptions,  no  increase  of  projectile  action  was  occasioned 
in  the  crater  by  the  earthquake  disturbance ;  the  lavas  simply, 
in  the  quietest  way,  ran  off,  leaving  the  crater  empty,  still  and 
dark. 

A  mountain  having  within  it  two  great  regions  of  liquid 
lava  thousands  of  feet  in  height,  each  at  a  temperature  above 
2000®  F.,  and  with  subterranean  waters  abundant,  at  least 
through  the  lower  two-thirds  of  the  altitude,  is  well  fitted  for 
the  production  of  eruptive  crises ;  and  it  is  remarkable  that 
the  eruptions  of  1868  and  1887  are  the  only  ones  seismically 
occasioned,  or  attended,  in  the  past  65  years ;  and,  further,  that 
in  these  eruptions,  although  among  the  most  violent  on  record, 
the  craters  were  wholly  free  from  explosive  action. 

The  violent  earthquakes  of  1868  and  1887  accomplished  noth- 
ing so  far  as  the  eruptions  were  concerned  that  is  not  effected 
on  Hawaii  in  four  eruptions  out  of  five  without  them.  The 
greatest  of  the  eruptions  have  had  no  such  aid.  In  the  prep- 
aration for  a  discharge,  the  mountain  has  reached  a  dangerous 
state,  because  of  the  elongation  upward  of  the  fire  column ;  then 
the  fracturing  agency  has  done  its  work  ;  earthquakes  are  only 
a  possible  ingident.  With  or  without  them,  the  conditions  and 
results  are  the  same ;  for  vibrations  necessarily  attend  fractur- 
ing, and  earthquakes  are  simply  the  stronger  or  perceptible 
earthshocks. 

4.  The  rupturing  a/ad  ^ecting  forces. — The  chief  cause  of 
the  rupturing  is  no  doubt  the  elastic  force  of  suddenly  gener- 
ated vapor.  So  far  this  is  an  accepted  explanation.  As  to  the 
conditions  under  which  this  vapor  is  generated,  there  is  not  so 
general  agreement 

The  facts  show,  firsts  that  on  Hawaii  the  vapors  are  not 
suddenly  generated  within  the  conduit ;  for  in  the  event,  the 
lavas  slink  away  from  the  crater,  instead  of  dashing  up  wildly 
to  great  heights.  If  not  generated  within^  it  must  be  without^ 
and  the  most  probable  region  is  that  of  the  hot  exterior  of  the 
conduit,  or  the  hot  rocks  encasing  the  liquid  column,  or  else 
fissures  or  local  fire-places  adjoining  it.  In  this  view  the  frac- 
turing depends  on  tne  sudden  access  of  subterranean  waters  to 
this  outside  region  of  great  heat. 

Secondly,  the  evidence  proves  that  the  force  makes  a  fissure 
or  fiissures  for  the  discharge  of  the  lava  without  giving  the 
waters  entrance  into  the  conduit.  The  pressure  of  the  elastic 
vapor  expends  itself  in  breaking  the  sides  of  the  mountain,  and 
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only  nnder  the  most  extraordinary  circumstances  is  the  water 
forced  into  the  lava-column.  The  earthquakes  of  1868  were 
an  exhibition  of  the  power  generated  ;  and  hardly  less  so  is  tLe 
noiseless  fracturing  for  the  greatest  of  eruptions. 

Some  erupting  action  comes  from  hydrostatic  pressura  Bnt 
the  fact  that  the  fissures  first  open  quite  near  the  summit  of 
Mt.  Loa  is  evidence  that  pressure  from  this  source  is  the  least 
eflScient  agent. 

Why  southwestern  Hawaii  should  be  especially  liable  to 
violent  earthshocks  in  connection  with  its  outflows  is  not 
wholly  clear.  But  there  are  three  significant  facts  bearing  od 
the  question. 

(1)  The  southern  half  of  the  longer  diameter  of  the  Mt.  Loa 
crater,  and  fissures  from  it  down  the  mountain,  point  directly  to 
the  place  of  outbreaks  of  1868  and  1887,  the  probable  localities 
of  tne  earthquake  epicentra  of  those  years. 

(2)  The  longer  diameter  of  Kilauea,  with  a  long  line  of  fis- 
sures, having  the  trend  S.  52°  W.,  points  nearly  to  the  same 
region  of  outbreak ;  so  that  the  two  diametral  tines j  the  Mt. 
Loa  and,  the  Kilatiea^  there  intersect  (See  map,  p.  82  and  Plate  I.) 

(3)  These  lines  have  long  been  common  directions  of  frac- 
tures and  eruptions,  as  shown  by  the  old  lavas  of  the  surface 
as  well  as  by  existing  lines  of  fractures. 

This  divergence  between  the  courses  of  the  longer  diameters 
of  the  craters  of  Mt.  Loa  and  Kilauea  comes  up  again  for  con- 
sideration in  the  remarks  on  the  relations  of  the  two  volcanoes 

In  the  eruptions  the  ejecting  force  may  be  feeble  or  null; 
for  the  lava  may  flow  out,  when  the  source  favors  it,  simply 
through  gravity ;  but,  in  general,  ejection  is  pushed  forward, 
(1)  by  tne  elastic  vapors  within  the  lava-column ;  by  vapors 
generated  outside,  like  those  producing  eruptions ;  and  by  hydro- 
static pressure. 

The  first  of  these  causes  is  the  source  of  the  high  fountains 
in  the  summit  crater ;  and  the  summit  effects  indicate  that  it 
should  have  great  propelling  power  at  places  of  outflow.  The 
fountains  at  the  outflows  have  hitherto  been  attributed  to  hydro- 
static pressure  ;  but  the  two  causes  must  here  act  together,  and 
it  is  impossible  to  say  from  present  knowledge  which  pi'epon- 
derates. 

Fountains  attended  the  outbreak  at  the  eruptions  of  1852, 
1859,  1868  and  1887  (pp.  19,  22,  24,  32,);  and  it  is  probably 
that  examination  at  other  times  would  have  added  one  or  two 
to  the  list.  The  lengths  of  the  lava-column  (A)  above  the  place 
of  outbreak  at  these  eruptions,  and  (B)  the  reported  heights  of 
the  fountains  in  feet,  are  as  follows : 
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852  1859  1868  1887 

1500  3000  10,000  7000 

3-700  300-400  200—;  600?         200?  80. 

ig  to  the  height  of  the  cohiran  above  the  level  of  the 
n  1868,  10,000  feet,  the  hydrostatic  pressure  should  then 
Ben  greatest ;  the  force  from  the  vapofs  in  the  lava- 
,  least ;  and  the  friction  in  the  very  long  passage-way 
le  broken  conduit,  the  most  obstructing, 
second  source  of  ejecting  and  fracturing  pressure  men- 
above  is  the  probable  origin  of  the  fractures  which 
aes  cut  through  the  walls  of  a  crater  to  the  summit ; 
the  vapors  producing  the  pressure  are  generated  over  a 
ni  liquid  lava,  the  fissures  would  necessarily  become  in- 
vithuava  which  might  flow  out  above  in  a  stream.     Oases 

kind  about  Kilauea  occurred  at  the  eruptions  of  1832 
)8,  (xxxiii,  445,  xxxiv,  92) ;  and  Mr.  W.  T.  Brigham  and 

M.  Alexander  mention  others,  of  uncertain  date,  about 
imit  crater. 

Alexander  speaks  of  a  "  cataract  of  lava"  descending  the 
Qto  the  crater  from  the  summit ;  and  farther  soutn,  of- 
ler  similar  cataracts ;  and  at  the  summit  he  found  the 
»ure  from  which  the  cataracts  had  been  supplied  with 
id  ascertained  that  it  had  also  poured  out  an  immense 
northward  upon  the  first  plateau  and  thence  southward 
3  central  crater.  "  On  the  southwest  side  of  the  crater 
lad  been  another  eruption  from  fissures  that  were  still 
g,  and  the  eruption  had  sent  a  great  stream  southward 

Kahuku  and  nad  also  poured  cataracts  into  the  south 
Tom  all  sidea"     "  The  flows  were  from  some  of  the 

parts  of  the  brim ;"  and  *'  from  the  brink  there  had 
rge  flows  down  the  mountains."     "  These  outbreaks  from  , 

around  the  rim  indicate  that  the  lava  has  rather  poured 
5  crater  than  out  of  it ;  and  also  that  it  has  flowed  from 
ssures  in  vast  streams  down  the  mountain  side."  These 
erhaps  date  from  the  eruption  of  1880,  the  last  that 
id  Mr.  Alexander's  investigation  of  the  crater. 

events  if  attending  an  eruption  belong  to  its  very  be- 
;  before  the  lava  is  drawn  off  from  the  crater.  They 
cur  at  other  times ;  that  they  do  so  is  not  yet  certain, 

in  a  small  way  within  Kilauea,  about  the  lava-lakes. 
228). 

The  Outflows  and  the  circum%tances  attending  them, 

\e  source, — An  outflow  of  lava  may  commence  as  a  stream 
fountain.     In  either  case,  the  pent-up  vapors  of  the  lava- 
make  their  forcible  escape  with  the  lava ;  and  a  cone 
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•f  •-•^I'iiiiiei  la^i  n.rr  .r  lesc  5-cr-rii«<"ixs  U  Usually  fonned 
:t>'UT  ihe  vei::  '  t  :ie  :»rrIoiri:Tr:'?  4eii:»ii-  Thete  cones  are 
!i:*:iiri...nei  :Ti  ::.e  ze^-rriT r.Z!^  \i  ill  Tie  ->iiTbreaks.  not  except- 
ing :Li:  ■•:  1^>a  "xL:.!  vjtt  vi^iiei  bv  Bev.  E  P.  Baker. 
LaTirt  Or }:►.•?  :?  •  ■:  eii:  irr-.  :-r  j  Ii^:-T  ?<»ni,  are  aomerimes  dis- 
triburei  r-ver  :be  s :; :  :r_:::^'  re-ji  ■:•:-.  iiid  Peles  iiair  i*  also  a  com- 
riivr:  J•^-]r*^[.•T:  :1c  :  niitrr  ■xlrT>e  ibe  Lava  is  thrown  up  in 
fouT-ri:::?  ^n-i  pir::illT  e...!*  rrr-r:  -rlv  is  it  falls  (p.  2S),  and  the 
la::^r  Tr  .in  ::.r  ae:: -:i   ::  ririrr  :Le  fonntains  or  the  low  jet? 

xxxv.  I'il .. 

T::r  suTniiii:  or^ter  ••:  M:.  L.^i•  -ilike  Kilanea,  is  often  left, 
iTTtrr  ill  irn]}  ri'Ti.  w::L  ...'jr  -.-r  :ii>rt  eiiioer-c*:»nes  on  the  bottom: 
::-e  '.  ..r^'^r  ■  f  iLeir.  :;?i;iy.  v  :r.  the  ^.  -them  pcirtion  of  the  crater. 
Tj-vv  ^T^s  7.r.«'»a''iv  !r:ji:t-  f>':r.  tIc  'avas  as  the  heat  decline? 
^i:L  'he  ir^t  e».':r;!r.rr.o:Li:  :ii-.ve:::en:s  •:•£  an  eruption. 

'1  li'tr  'fyf'ic, — T':.e  irrtu:  ^ow  -jf  ISoi  so  grand  in  its 
:'.'ULi;r!i.r?  aii'i  iwor.ty  iniit-s  Ivn^.  xas  dnished  in  twenty  davs; 
::.>  ^'iv*.-*,  f.ir  its  mean  rAtf  •>1  pr-v^^rvSw-N  a  mile  a  dav.  The  now 
'•I  Ky^.  :L:rTv-::irt:-t-  :i.iIi->  \**v^,  ■x.viipiei  onlv  eight  days,  wlueh 
0'.'rrr:-{N..riiU  !•:•  a  mre  •:•:  :o:;r  iriiles-  a  liav  on  a  mean  slope  of  I 
:•»:  iii  15.  The  tJiirty  miles  :«.•  H:I>  in  the  stream  of  18S(>-S1 
tO"k  nine  iiiMiitiis :  and  the  mean  slope  was  1  foot  in  13  or 
ai^^nt  5  deirre€>. 

T::»r  jei:er:I  c» 'Ddiri'-ns  in  Tiie  ri-.'W  i.f  a  great  stream,  its  ob 
rtr.'.c::  .'lis  ;snd  m«>vles  •:•!  •jvere'-mii^s  them,  are  well  descriW 
Sv  Mr.  C'j-\n  'p.  -J"*.  As  :..»  actual  nt-  ••i  dow.  we  want  more 
w«:'::-e  fa-.ts.  It  i?  ilidioult  :«_•  rel^■ncile  the  facts  stated  on 
::.*:-,-  ]Hj:nt> :  and  especially  the  variti-us  vek"»ciries  attribnted  to 
:h*-*  viiiTerent  p.irti-.»n?  «>f  a  riuwini:  stream,  tor  example:  there- 
j/«^r:'.'d  rate  in  one  of  the  tunnels  of  "4*^  miles  an  hour"  with 
-X  mfr  for  the  front  rif  the  riv-w  ..i  "  one  mile  a  week."  The 
dilScuIty  i*  f?till  jrreat  if  we  ?upp».«>e  the  4*>  to  be  onlv  10,  and 
•A:;a''*:vf-r  tiic-  ol»?trnetion>  ah>nir  the  trunt.  The  conditions  are 
\\i*"t(:  of  a  di^-harginiT  faucvt,  and  the  ilow  below  is  that  of  tht^ 
lirjuid  aftc-r  it?  escape  sprtadinir  widely  over  a  rough  surface. 

Tii'f  many  oiKriiinir>  thnniirh  the  crust  of  a  stream  into  the 
rur:r;«:.-  v.hifi'h  frivt- f»ut  vapors,  and  often  have  the  shape  of 
ja;::r"*l  coiiC-,  suir<rer.t  the  pcissibility  that  a  lissure  may  exist 
l;<;n<rarli  in  the^e  and  similar  places  f«»r  the  discharge  of  lava 
and  vjjpor-.  But  the  idea  that  such  tissures  generally  underlie 
a  lavji  -tn-am  ^wliich  I  formerly  tlnaight  probable)  is  opjKksed 
hy  Mr.  T'oan  ;  and  there  are  not  facts  to  sustain  it  except  for 
tho  Mr.  Loa  stream  of  1S^;S  and  the  Kilauea  for  1840. 

The  tunnels  of  a  stream,  made  l»y  a  crusting  of  the  surface 
while  the  lava  continues  flowing  beneath,  have  a  smooth, some- 
what gla.--?y  or  enamelled  interior,  with  horizontal  flutings  and 
moulding^  which  were  made  by  the  moving  lava.     In  a  tnnnel 
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)f  the  stream  of  1880-81,  near  Hilo,  which  I  visited  under  the 
piidance  of  Rev.  E.  P.  Baker,  one  of  the  Knes  of  mouldinip 
lad  the  form  and  position  along  the  side  of  a  solid  handsomely 
nodeled  bench,  indicating  that  the  lava  had  encountered  an  out- 
dde  obstacle  in  a  projecting  angle  of  cooled  rock.  This  tunnel 
lad  a  varying  height  of  4  to  8  feet  and  a  general  width  of  about 
30  feet,  but  also  some  branchings  and  lateral  expansions  of  large 
jxtent.  The  roof  was  two  to  six  feet  thick.  The  smoothness 
)f  the  interior  is  favorable  to  a  high  velocity.  The  small  ca- 
mcity  of  the  one  entered  near  Hilo  suggested  the  following 
lueries :  How  much  of  the  lava  of  a  stream  a  mile  wide  runs 
n  tunnels  ?  Does  the  little  width  of  the  tunnel,  and  thereby 
»f  the  supply  stream,  account  for  the  difference  of  velocity  in 
he  tunnels  and  at  the  front  ?  if  so,  the  exit  should  be  as  free  as 
hat  from  a  faucet,  or  the  arrangements  would  not  work.  How 
nanv  such  tunnels  exist  side  by  side  ?  Does  a  single  tunnel 
tontmue  on  for  20  or  30  miles  as  an  uninterrupted  lava  duct  ? 
tVe  should  infer  that  for  a  large  stream  the  system  of  tunnels 
vould  become  a  very  complicated  one. 

Whatever  doubts  exist  as  to  rate  of  flow,  there  is^one  as  to 
:he  extreme  liquidity  of  the  Mt.  Loa  lava,  and  its  equalling  if 
aot  exceeding  that  of  Kilauea. 

3.  The  amount  of  Lava  dischwrged, — There  are  no  data  as 
regards  the  breadth  or  the  depth  of  the  streams,  for  a  satisfac- 
tory calculation  of  the  amount  discharged.  The  depths  might 
at  many  points  be  ascertained  from  the  holes  left  by  burnt 
trunks  of  trees.     We  can  now  only  make  a  supposition. 

The  flow  of  1852  was  20  miles  long.  If  we  suppose  the  mean 
depth  of  the  stream  to  be  20  feet,  and  the  mean  width,  5000 
feet,  the  amount  of  lava  it  contains  would  be  10,560,000,000 
cubic  feet.  Supposing  the  lava-column  to  have  the  mean  di- 
ameter of  the  central  part  of  the  summit  crater,  9000  feet,  it 
would  contain,  down  to  a  depth  of  2500  feet,  (the  place  of  dis- 
charge for  that  eruption)  nearly  160,000,000,000  cubic  feet  of 
lava,  or  fifteen  times  as  much*as  was  discharged.  Accordingly, 
the  discharge,  if  the  above  figures  represent  the  whole  amount, 
would  have  drawn  off  less  than  200  feet  in  depth  from  the  lava 
conduit ;  and  a  rise  of  200  feet  again  would  have  made  the 
mountain  ready  for  another  discharge.  The  calculation  is  sug- 
gestive, though  otherwise  of  little  value.  In  addition  to  the 
other  uncertainties  we  know  nothing  as  to  how  much  of  a  dis- 
charge passes  off  into  subterranean  cavities  ;  which  may  be  veiy 
large,  for  the  great  eruption  of  Kilauea  in  1832  has  little  to 
show  over  the  surface  of  the  island. 

Whatever  the  amount  of  lava  or  of  height  that  is  lost  by  the 
lava-column  at  an  eruption,  it  has  taken,  as  has  been  shown,  but  a 
jrery  short  time  in  several  cases,  to  fill  up  again  for  a  new  dis- 
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charge.  I  re^wat  liere  that  after  the  eruption  of  1852,  which 
produced  a  etream  20  miles  long,  had  closed,  the  lofty  volcano 
waa  ready  in  only  3 J  years  for  a  26-mile  flow,  that  of  1855; 
and  in  8^  years  more,  for  another  still  longer,  that  of  1859,  33 
miles  in  length  of  etream :  which  is  brisk  work  for  the  great 
old  mountain.  According  to  these  facte  the  lava-column  had 
risen,  after  the  ernptions,  at  the  rate  of  at  least  100  feet  a  year 
BO  as  to  reach  again  the  bottom  of  the  crater  and  be  ready  for 
another  discharge. 

4.  Kinds  of  Zaiia-Streams.  Pahoehoe  and  aa. — The  ordi 
nary  smooth-surfaced  lava-stream,  the  pahoehoe,  needs  here  no 
further  description.  The  aa-streara  is  less  often  seen  in 
process  of  formation  and  is  more  diflicult  to  understand.  With 
reference  to  an  explanation  of  its  origin,  I -repeat  here  from 
volume  xxxiv  the  characteristics  of  the  typical  kind  (not  of  the 
thinner  streams  that  approximate  to  the  pahoehoe),  and  repro- 
duce also  the  sketch  of  a  portion  of  one  to  aid  the  conception 
of  its  roughness ;  the  reader's  conception  of  it  will  be  feeble  si 
the  best  if  he  has  not  had  a  view  of  chaos  already. 

a.  The  ^haracteru  of  the  cooled  aa-stream :  (1)  a  mass  of 
rough  blocks  one  foot  and  less  to  lOUO  cubic  feet  in  sise, 
loosely  piled  together  to  a  height  of  twenty  to  forty  feet  abore 
the  general  level ;  (2)  the  blocks  bristled  with  points  but  not 
]8,  and  less  vesiculate  than  most  of  tne  pahoehoe ; 


(3)  the  material  rather  brittle,  and  consequently,  when  niaA^ 
up  of  small  blocks  or  pieces  easily  broken  down  to  a  flat  ear- 
face  for  the  site  of  a  uou^ ;  (i)  often  aa  in  one  part,  aa-^ 
l>ahoelioe  for  the  rest — either  the  chief  part;  (5)  from  on^ 
outbreak  a  pahoehoe-stream  in  oue  direction  and  an  aa-streaiH 
in  another. 

h.  The  constitution  and  condition  when  in  motion :  (1)  * 
mass  of  rough  bK>cks  outside,  precisely  like  the  cooled  ;  (2)  the 
motion  extremelv  slow,  indicatiu":  a  semifluid  condition  be- 
neath:  (3)  a  re^  heat  often  in  front  among  the  blocks;  (i) 
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fused  rock  seldom  exuding ;  (5)  the  blocks  of  the  upper  part 
of  the  front,  as  the  stream  creeps  on,  keep  tumbling  down  the 
high  slope,  owing  to  retardation  at  bottom  from  iriction,  and 
thus  a  rolling  action  in  the  front  part. 

The  aa-fimd,  owing'  to  its  crevices  and  shaded  recesses, 
retains  moisture,  and  decomposition  at  surface  early  com- 
mences, which  favors  germination  of  seeds;  and  often  the 
stream,  as  I  am  informed  by  Mr.  Baker,  becomes  forest- 
covered  when  the  pahoehoe  alongside  remains  bare. 

One  of  the  best  published  descriptions  of  an  aa-flow  is  that 
of  Judge  Hitchcock  (p.  31)  which  says :  '*  Along  the  whole  line 
of  the  advance,  the  stream,  twelve  to  thirty-five  feet  in  height, 
was  one  crash  of  rolling,  sliding,  tumbling,  red-hot  rock,  no 
liquid  rock  being  in  sight ;   with  no  explosions,  but  a  tre- 
mendous roaring  Tike  ten  thousand  blast  furnaces  all  at  work 
at  once."    Mr.  Saker  writes  (letter  of  February,  1888) :  "  I  have 
stood  by  a  wholly  molten  stream  of  lava  which  miles  below  was 
cooling  into  aa." 

Under  the  restrictions  of  such  facts  the  aa  cannot  be  ex- 
plained by  referring  it  to  simply  a  partial  cooling  of  a  stream 
and  then  a  breaking  up  of  the  crust  on  a  new  accession  of 
flowing  lava — a  common  explanation  ;  for  there  is  no  evidence 
of  a  cnist  from  surface-cooling  analogous  to  that  of  pahoehoe. 
It  is  not  dependent  on  the  mineral  constitution  of  the  lava ; 
for  one  and  the  same  stream  may  take  either  condition  ;  and 
adjoining  fields  near  Punaluu  are  at  opposite  extremes  as  to 
the  amount  of  chrysolite. 

The  jwst  conclusion  we  may  draw,  in  view  of  the  facts,  and 
especially  the  abrupt  transitions  from  aa  to  pahoehoe  and  the 
reverse  in  the  flowing  stream,  and  the  independence  of  kind 
of  lava,  is  that  the  difference  must  be  connected  with  some 
condition  in  the  region  flowed  over ;  and,  the  second^  that 
where  the  transition  from  one  kind  of  stream  to  the  other 
occurs,  the  conditions  must  be  such  as  will  allow  of  extreme 
liquidity  in  one  part  (the  pahoehoe),  and  occasion  imperfect 
liquidity  or  a  pasty  state  in  the  other  (the  aa). 

It  follows  also  from  the  size  and  rough  character  of  the 
blocks  of  lava,  thirdly^  that  in  an  aa  stream  the  lava  must 
have  been  subjected  to  some  deeply-acting  cooling  agency  to 
have  made  a  crnst  thick  enough  foi-  blocks  10  to  20  feet  and 
pore  in  dimensions — far  thicKer  than  the  crust  over  the  tunnels 
^°  a  pahoehoe  stream.  Fourthly^  that  the  cooling  was  not  from 
above  downward,  as  in  the  pahoehoe,  for  there  are  no  remains 
of  a  crust  in  the  true  aa  field,  but  largely  from  below  upward  ; 
^d  thence  comes  the  absence  of  a  crust  and  of  the  usual  amount 
of  vesieulation. 
These  four  conclusions  appear  to  lead  directly  to  a  Jifiji : 
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crust  of  solid  lava  outside,  or  consist  of  a  series  of  concentric 
layers. 

Dr.  H.  J.  Johnston  Lavis,  who  has  studied  with  much  care 
the  Vesuvian  lavas  and  eruptions,  shows  in  his  paper  on  ''  l  rag- 
mentary  Ejectamenta  of  Volcanoes,"*  that  the  "volcanic 
bombs"  of  writers  on  European  volcanoes  are  not  bombs  any 
more  than  those  of  Mt.  Loa  ;  that  they  were  not  projected  into 
the  air ;  that  they  occur  scattered  over  lava  streams  in  great 
numbers  when  the  adjoinmg  country  is  free  from  them,  and 
occur  within  lava  streams ;  that  they  vary  in  size  from  a  wal- 
nut to  some  cubic  yards,  and  yet  have  often  a  thin  shell  and 
friable  nucleus ;  that  they  "  occur  most  commonly  by  far  on 
the  surface  of  lava-streams  whose  surface  is  rough  and  scoria- 
ceous,  instead  of  corded."  He  regards  them  as  formed  of 
lapilli  that  fell  upon  the  flowing  lava,  and  "  in  consequence  of 
its  forward  motion  became  incorporated  with  it,  and  may  un- 
dergo partial  fusion,  but  usually  congeal  around  themselves  a 
coating  of  the  parts  in  which  they  are  involved."  The  descrip- 
tion shows  that  the  bomb-like  masses  of  Hawaii  are  essentially 
identical  in  origin  with  the  "  volcanic  bombs "  of  Europe. 
EjecUd  blocks  are,  as  Dr.  Johnston-La\4s  remarks,  wholly 
diflferent  in  origin. 

4.  Lateral  Cones, 

9 

Lateral  cones  are  a  frequent  result  of  eruptions  on  Hawaii 
and  the  other  islands  of  the  group,  although  the  lavas  are 
basaltic.  They  occur,  as  in  other  volcanic  regions,  along  the 
courses  of  fissures  ;  along  a  flow  of  lava  where  fissures  for  sup- 
plying lavas  are  underneath  it ;  and  also  in  and  about  the  sum- 
mit crater.  Whether  they  consist  of  lava-streams,  or  of  cinders 
(lapiUi)  depends  on  the  supply  of  heat  as  well  as  of  lava  in  the 
vent  (xxxv,  28) ;  and  whetner  the  cindere  make  cinder-cones  or 
tufa  cones,  on  the  supply  of  moisture  connected  with  the  erup- 
tion, much  descending  moisture  giving  a  mud-like  fiow  to  the 
ejected  cinders,  whence  the  low  angle  and  saucer-like  crater  of 
tne  tufa-cone. 

They  appear  to  be  most  common  over  the  lower  portion  of 
a  lava-stream,  toward  or  along  the  sea-border ;  and  it  may  be 
that  this  is  due  to  the  presence  of  more  subterranean  waters 
about  the  lower  or  foot  slopes.  A  lateral  cone  of  either  of  the 
three  kinds  is  good  evidence  of  a  fissure  beneath  as  a  source  of 
the  ejected  and  pericentrically  deposited  material ;  and  this 
evidence  from  them  gives  their  occurrence  especial  interest. 
Where  a  stream  of  lava  entere  the  sea  and  makes  a  cone  of 
cinders  or  lava,  there  must  be  a  fissure  to  supplj'  the  lavas  and 

*  Proc.  Geologist's  Assoc,  London,  ix,  No.  6. 
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projectile  vapors,  and  thus  to  produce  the  upward  throw 
cinders  and  the  pericentric  deposition  and  stratification  whi 
are  the  marked  leatures  of  a  lateral  cone.    No  such  shape 
structure  can  come  from  the  simple  discharge  of  a  lava-stres 
into  the  sea,  however  rapid  its  progress ;  for  this  merely  pi 
the  fragments  that  are  made  at  the  disposal  of  the  waves 
currents  along  the  coast,  and  the  heaps  piled  up  will  be  sii 
as  the  action  of  waves  and  currents  may  make  elsewhere, 
cannot  imitate  successfully  the  pericentric  work  of  the  volcau 
For  this  work,  a  center  of  ejection,  acting  for  successive  da 
or  weeks,  is  required. 

2.     EXPLOSIVE    ERUPTIONS. 

All  the  eruptions  of  Mt.  Loa  and  Kilauea  within  the  last  ( 
years,  the  period  of  actual  history,  have  been,  as  has  been  state 
of  the  ordinary  kind,  that  is  quiet  ouflows.  At  each,  the  lav 
of  the  crater  have  simply  quit  work  and  sunk  out  of  sight ;  ai 
the  discharge  thus  begun,  with  the  consequent  down-plunge  < 
the  undermined  floor,  was  nearly  all  there  was  of  eruption 
far  as  the  crater  was  concerned. 

But  traditional  history  gives  hints  of  an  eruption  in  1789 
a  century  back  within  a  year — of  another  kind  ;  and  the  resa 
are  visiole  over  the  region  around  the  crater  of  Kilauea, 
already  described  (xxxiv,  359).  .  Similar  evidences  exist  of 
explosive  eruption  in  the  summit  crater,  as  may  be  inferr 
from  the  descriptions  of  Mr.  Brigham  (p.  23)and  J.  M.  Al« 
ander  (p.  31),  as  well  as  the  earlier  of  Captain  W  ilkes,*  and  ;i 
in  that  of  flualalai. 

In  the  cases  here  referred  to,  the  ejected  material  iuclu< 
solid  masses  of  the  basalt,  much  of  it  very  compact,  and  S(»i 
of  the  blocks  50  to  100  cubic  feet  in  size.  For  such  wo 
instead  of  a  cessation  of  the  ordinary  projectile  action  of  1 
crater  and  a  quiet  discharge  of  the  lavas  when  the  erupti 
began,  there  must  have  been  an  enormous  increase  of  project 
power,  with  great  rendings  of  the  rocks  within  reach  of  t 
up-thrust  action.  The  eruption  was  not  a  quiet  outflow,  bu 
catastrophic  upthrow.  Whether  accompanied  or  not  by 
outflow  of  lava  is  unknown. 

Examples  of  explosive  eruptions  from  Tarawera  in  >< 
Zealand,  and  Krakatoa  an  island  just  west  of  Java,  will  uia 
clear  what  is  meant  distinctively  by  an  explosive  eruption. 

In  1886,  in  the  Tarawera  geyser  region  after  some  ear 
shocks,  a  projectile  eruption  oi  terrific  violence  and  ineess? 

■  *  Wilkes  speaks  of  large  bowlders  of  a  grayish  basalt  at  the  summit  which    I 
apparently  been  ejected  from  the  crater  (p.  159). 

The  precise  date  of  the  Kilauea  eruption  is  in  some  doubt. 
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detonations  began.  Scoria  and  volcanic  ashea  or  sand  were 
thrown  to  a  great  heiglit,  that  drifted  with  the  wind  and 
covered  the  coantry  thickly  and  far  away  with  ashes,  making 
darkness,  over  a  breadth  of  several  miles,  all  the  way  to  the  sea 
in  the  Bay  of  Plenty.     The  height  as  seen  from  Auckland,  130 


^'les  distant,  according  to  a  measurement  by  Mr.  Vickermaun 
i^  the  Survey  Department  of  New  Zealand,  was  44,700  feet. 
I  "6  eraptioD  was  ended  anfl  the  clouds  of  dust  gone  in  six 
r"'^.  The  work  was  done  so  quickly  and  fiercely  that  no 
j.'"ier  cones  were  made  by  deposits  about  the  place  of  chief 
■''^oljarge.    No  outflow  of  lavas  took  place. 
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Theaccoin))anying  map  and  explanations  will  make  the  remark- 
able Tarawera  events  more  intelligible.*  It  represents  the  Tara- 
wera  geyser  region,  its  lakes,  mountains,  and  other  features.  A 
small  map  to  the  left  shows  the  northern  New  Zealand  island, 
and  the  site  of-  Tarawera  in  the  N.  35^  E.  volcanic  line  of  Rua- 
pehu.  Lake  Taup<^  and  White  Island;  and  White  Island  is  repre- 
sented in  its  usual  steaming  condition  in  a  sketch  just  above. 
The  line  of  the  eruption  in  18S6  extended  in  a  N.E.-S.W.  coarse 
from  Lake  Okaro  through  Mt.  Tarawera  and  Mt.'  Wahanga. 
Lake  Rotomahana  at  the  time  of  the  eruption  was  emptied  and 
converted  into  a  regi(»n  of  craters.  This  lake,  previous  to  the 
eruption,  had  on  either  side,  a  geyser  basin  and  one  of  the  famoos 
geyserite  terraces  of  New  Zealand ;  the  "  Pink  terrace "  on  the 
west  (PT  on  the  map),  and  the  larger  and  more  beautiful  "  White 
terrace  "  (WT)  on  the  northeast  side  with  the  geyser  Te  Tarata 
at  its  head.  The  outflowing  waters  of  Te  Tarata,  descending 
the  gently  sloping  surface  to  the  lake,  had  covered  an  area 
eleven  and  a  half  acres  in  extent  with  its  siliceous  for  geyserite) 
depositions,  forming  a  descending  succession  of  wnitish  cream- 
colored  and  almost  porcelain-like  terraces.  A  view  of  a  portion 
of  the  terrace  is  given  in  the  left  upper  corner  of  the  map.  Both 
terraces  were  buried  in  volcanic  mud  and  ashes,  a  mud  volcano 
displacing  the  geyser  basin.  A  sketch  to  the  left  represents 
(from  a  pliotograph  by  Mr.  C.  Spencer),  the  region  of  the  "  great 
chasm,"  200  yards  and  more  wide,  made  in  the  Tarawera  range  at 
the  outbreak ;  and  the  map  gives  its  position,  and  also  thepositions 
o^  the  several  centers  of  eruption  along  the  region.  The  outer 
dotted  line  on  the  map  encloses  the  part  of  the  Tarawera  region 
that  was  covered  with  volcanic  ashes,  mud  and  scoria,  and  the 
inner,  the  portion  of  the  larger  area  that  was  buried  beneath  mud; 
and  the  latter  includes  the  buried  villages  of  Te  Ariki,  Moura  and 
Wairoa,  where  there  was  destruction  of  life,  as  well  as  a  general 
obliteration  of  houses.  Subsidences  continued  to  take  place  along 
the  great  opened  fissures  for  weeks  after  the  eruption  had  ceased. 

At  Krakatoa,  in  1SS3,  the  projectile  discharge  was  eqaally 
sudden,  and  far  more  terrible  and  destructive.  The  beiglit  to 
which  the  dust  was  carried  was  made  by  Professor  Verbeck 
50,000  feet.  It  began  in  the  early  morning  of  one  day,  made 
day  into  night  (by  its  ejections  of  ashes)  for  30  hours,  and  left 
the  sky  clear  by  the  close  of  the  next  day.  Nothing  is  said  of 
an  outflow  of  lavas. 

The  earthquakes  at  Tarawera  were  not  violent ;  they  were 
felt  to  a  distance  of  50  or  60  miles  only  :  and  a  dozen  miles 
from  Tarawera  Mountain,  at  Kotorua,  on  the  geyser  plains,  no 
shock  was  able  to  upset  a  chimney  or  jar  down  crockery  from 

•  The  facts  here  given  are  from  au  account  of  the  eruption  by  T.  W.  Leys.  56 
pp.  8vo,  with  maps  and  other  illustrations,  Auckland,  Xew  Zealand,  and  the 
Report  of  S.  Percy  Smith,  Assistant  surveyor  General.  S4  pp.  Svo.  Wellingrton. 
The  height  of  the  ejections  alK)f'e  given  is  cited  from  the  latter  work,  page  29. 
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a  shelf.  They  were  manifestly  local,  and  had  their  center  near 
the  surface — an  eflfect,  not  a  ciause ;  and  they  thus  prove  that 
the  immediate  cause  of  the  eruption  was  local.  The  facts  as 
to  the  Krakatoa  earthquakes  are  similar.  The  deafening  roar 
in  each  was  made  chiefly  by  the  violent  projectile  action,  the 
incessant  detonations  and  the  thunderings  of  a  storm. 

Such  eruptions  are  of  a  wholly  different  cast  from  the  ordin- 
ary outbreaKS  and  discharges  of  Hawaii.  The  projectile  agent 
must  gain  access  to  the  conduit  lavas  to  produce  such  extraor- 
dinary violence. 

The  eruption  of  Tarawera  Mountain  was  probably  brought 
about  by  the  opening  of  a  fissure  that  let  subterranean  waters 
into  the  reservoir  of  lavas  ;  for  Lake  Rotomahana,  situated  on 
the  line  of  fracture  and  only  three  or  four  miles  distant,  lost 
its  waters,  and  probably  in  the  process  of  supplying  water  for 
the  projectile  work.  The  volcanic  mountain  had  been  long 
extinct ;  but  the  widely  distributed  geysers  and  boiling  springs 
were  testimony  to  the  existence  of  liquid  lavas  just  below 
the  reach  of  descending  atmospheric  waters.  The  geyser  lakes 
of  Rotorua  and  other  localities  became  hotter  during  the  night 
of  the  eruption  and  continued  so  afterward.  Under  such  con- 
ditions an  old  volcanic  mountain,  perhaps  hollow  from  former 
discharges,  might  be  burst  open  again.  Had  the  ingreesing 
waters  passed  into  the  lava-reservoir  at  a  great  deptn  below 
the  surface,  the  generated  vapors  would  necessarily  have  added 
outflows  of  lava  to  the  projectile  discharge. 

The  volcano  of  Krakatoa,  was  probably  started  into  action 
J)y  a  similar  incursion,  but  of  marine  waters. 

In  both  cases  there  were  enonnous  chasms  and  crater-like 
depressions  made,  with  a  loss  of  the  old  foundations,  and  of 
the  rocks  that  occupied  the  depressions.  But  the  facts,  while 
they  include  the  projection  of  large  stones  over  the  vicinity, 
show  positivelv  that  the  stones  were  few  compared  with  what 
would  be  needed  to  fill  the  great  cavities  left  in  the  region. 
The  explosive  eruption  blew  to  great  heights  fragments  of  the 
liquid  lavas  in  the  shape  of  scoria  and  sand  or  ashes,  but  did 
not  blow  oflf  the  solid  rocks  of  the  mountain.  The  disappear- 
ance of  these  and  the  making  of  the  cavities  are  explained  by 
the  engulf  ment  or  down-plunge  of  material  to  Jill  the  spaoe  left 
erajytyXy^  the  projectile  aischarges. 

An  explosive  eruption  is  then  simply  one  in  which  the  pro- 
jectile action,  instead  of  ceasing  at  the  time  of  eruption,  be- 
comes enormously  increased ;  in  which  the  erupting  agent, 
instead  of  being  roused  to  action  outside  of  the  lava-conduit, 
gains  access  to  its  interior,  and  hence  the  terrific  boiler-like 
explosion. 

For  further  explanation  I  repeat  that  the  ordinary  activity 
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of  a  volcano  consists  in  the  more  or  less  high  projection  of 
cinders  or  of  liquid  lavas,  with  usually  a  great  increase  in  the 
height  as  the  crisis  of  an  eruption  approaches.  In  such  action, 
there  is  nothing  of  the  explosive  work  above  described; 
neither  is  it  entitled  to  be  called  a  state  of  eruption :  it  is  only 
a  state  of  activity.  Stromboli  is  perpetually  at  work  in  the 
ordinary  way,  with  great  variations  in  activity,  "  exhibiting  the 
nature  of  volcanic  action  in  its  true  light ;"  but  it  is  not  in 
"  perpetual  eruption ;"  no  true  eruption  of  this  volcano,  non- 
explosive  or  explosive,  has  been  recorded  in  recent  times.  A 
volcano  often  gasps  out  its  life  in  cinder  ejections  ;  for  this  is 
the  meaning  of  the  summit  cinder  cones  of  Kea,  Hualalai,  and 
Haleakala.  It  is  still  true,  however,  that  cases  occur  in  which 
it  is  difficult  to  decide  whether  the  condition  is  that  of  ordinary 
activity  or  of  true  eruption. 

The  results  of  the  projectile  eruption  of  Kilauea,  mentioned 
in  the  earlier  part  of  this  paper  (xxxiv,  359-361),  need  not  be 
here  repeated.  We  learn  from  the  deposits  made  by  it  that 
the  eruption  began  in  bombarding  style — the  projection  of 

freat  stones  to  a  distance  of  one  to  two  miles,  ranging  to  a 
eight  a  thousand  or  more  feet  above  the  place  of  discharge ; 
and  ended  in  a  widely  extended  shower  of  scoria  and  ashes. 
The  finer  material,  besides  covering  all  the  borders  of  Kilauea, 
spread  for  miles  to  the  southeastward,  southward  and  south- 
westward.  It  constitutes,  as  I  learn  from  Mr.  Baker,  the  sand 
of  the  Kau  "  desert "  described  as  ten  by  fifteen  miles  in  area, 
and  makes  the  bed,  for  six  or  eight  miles,  of  an  excellent  car- 
riage road  between  the  crater  and  the  ranch  nearly  half-way  to 
Keauhou. 

The  evidence  that  the  great  stones  were  from  the  throat  of 
the  lava-conduit  and  not  from  the  walls  of  the  crater  consists 
in  their  comprising,  both  east  and  west  of  Kilauea,  kinds  not 
found  in  the  walls  ;  and  also  many  blocks  of  lava  whose  vehi- 
cles are  lined  with  minute  crystals  of  pyroxene  and  a  plagio- 
clase  feldspar  (as  determined  by  Professor  E.  S.  Dana),  which 
are  proof  of  subjection  to  long-continued  heat.  The  walls  of 
Kilauea  are  out  of  the  reach  of  such  upthrust  or  projectile 
action.  . 

The  explosive  eruption  of  the  summit-crater  is  of  unkno\vn 
date.  As  some  of  the  ejected  stones  are  fifty  pounds  to  a  ton 
in  weight,  it  was  probably  similar  in  character  to  that  of  Ki- 
lauea ;  but  the  facts  need  further  study. 

Explosive  eruptions  at  Kilauea  and  Mt.  Loa  are  exceptional 
occurrences.  In  my  examinations  of  the  well-stratified  walls 
of  Kilauea  I  found  evidence  only  of  layers  of  lava — that  is  of 
old  lava  streams.  But  thin  beds  of  stones  and  scoria  might 
occur  at  intervals  without  making  much  impression  on  the 
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mountain  or  leaving  very  apparent  traces  in  the  walls.  The 
summit  crater,  as  described  by  visitors,  has,  like  Kilauea,  walls 
made  of  the  edges  of  lava  streams,  without  intercalations  of 
prominent  beds  of  scoria  or  other  fragmental  material. 


II.  Metamobphism  an  Effect  of  Volcanic  Conditions. 

The  projected  rocks  of  the  region  about  Kilauea  are  a  promi- 
nent source  of  evidence  as  to  metamorphism  by  means  of  vol- 
canic heat— as  remarked  on  pa^e  289  of  volume  xxxv ;  and 
other  facts  of  like  import  are  derived  from  the  lava-stream 
tunnels  and  caverns.  The  rocks  referred  to,  and  those  also  of 
the  lavas  generally,  as  well  as  the  cave-products,  will  be 
described  by  Mr.  I)ana  in  a  following  part  of  this  volume. 
I  briefly  mention  here  a  few  of  the  facts  that  have  a  special 
bearing  on  metamorphism. 

1.  Tlie  minute  crystals  in  the  cavities  of  the  ejected  masses, 
instead  of  being  zeolites,  such  as  exposure  to  the  weather  might 
have  produced,  have  been  proved  by  Mr.  Dana,  as  has  been 
stated  to  be  identical  with  the  anhydrous  constituents  of  the 
lava.  Minute  transparent  acicular  crystals  have  given  him 
the  angles  of  pyroxene ;  white  rhombic  tables,  the  characters 
of  a  triclinic  feldspar,  so  that  they  are  probably  labradorite ; 
and  besides,  there  are  brilliant  iron  black  octahedrons  of  mag- 
netite and  tables  of  hematite  or  titanic  iron.  These  are  all 
the  constituents  of  the  basalt  except  the  less  constant  one, 
chrysolite. 

2.  The  caves  aAd  tunnels  of  Kilauea  and  of  the  Mt.  Loa 
lava-stream  of  1880-81,  afford  stony  stalactites,  remarkable  for 
their  slender  pipe-stem  like  size  and  form,  scarcely  tapering  at 
all  except  at  tne  extremity,  where  there  is  usually  a  short 
irregular  twist.  The  diameter  is  hardly  a  fourth  of  an  inch. 
In  1840  I  found  only  short  specimens  in  the  caves  of  Kilauea ; 
but  in  1887  in  the  tunnel  of  the  lava  of  1880-81,  near  Hilo, 
many  were  20  to  30  inches  long;  and  in  some  undisturbed 
parts  of  the  tunnel  there  were  thickets  of  these,  lone  gray- 
black  stalactites,  one  every  six  or  eight  inches.  Over  the  floor 
beneath  each,  there  is  a  colunm  of  stalagmite  of  similar  nature, 
which  is  a  heap  of  bent  coalescing  drops  or  anastomosing  steins 
from  a  few  inches  to  fifteen  or  more  in  height.  Most  of  the 
stalactites  were  solid,  with  occasional  cavities,  but  many  were 
tubular.  Mr.  Brigham  observed  them  in  the  Kilauea  caves  in 
1864-5,  and  has  good  figures  on  page  463  of  his  Memoir. 

These  stony  st3actites  appeared,  under  a  pocket  lens,  to  be 
identical  with  the  rock  of  the  lava-stream,  even  to  the  laths  of 
labradorite,  and  the  cavities  showed  minute  transparent  acicu- 
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lar  and  tabular  crystals,  besides  black  octahedrons  of  magnetite. 
The  microscopic  investigation  of  Mr.  Dana  proves  that  thev 
actually  are  like  the  lavas  in  constitution,  and  that  the  crystafs 
are  of  pyroxene  and  feldspar  as  in  the  ejected  blocks. 

The  origin  of  the  stalactites  of  the  tunnels  and  their  crystal- 
lizations is  due,  as  I  state  in  my  Expedition  Report  (p.  201),  to 
^'the  action  of  steam  on  the  roof  of  the  cavern."  In  the  case 
of  the  tunnels  the  flowing  lavas  left  behind  a  chamber  filled 
with  superheated  steam,  and  under  its  actio'n  the  solution  and 
recrystallization  went  forward. 

This  reproduction  of  the  basalt  and  the  making  of  the  crys- 
tals in  geodes,  or  as  linings  of  fissures,  are  examples  of  metamor- 
phic  work.  It  is  metamorphism  of  the  cryataUinic  kind*,  the 
.same  which  takes  place  when  a  feldspathic  sandstone  is  converted 
into  granite  or  granulyte,  or  when  calcyte  is  changed  into  mar- 
ble ;  and  it  is  therefore  one  of  the  common  kinds  of  metamor- 
phism. 

4.  The  ejected  blocks  about  Kilauea  instruct  us  on  anothei^ 
point  of  much  geological  importance.     They  show  that  th^ 
throat  of  a  volcano  is  necessarily  a  region  of  metamorphic  ac:  ^ 
tion.     It  is  a  region  of  continued  heat ;  and  heat  always  wor' 
change  when    moisture   is   present     Under  such   condition 
therefore,  an   Archaean  limestone  or  other  Archaean  rock  co 
taining   chondrodite,   spinel,  vesuviauitc,  scapolite,  anorthit  ^^, 
nephelite,  biotito,  might  lead  to  the  production  of  recrystallizc^  d 
chondrodite  (humitej,  spinel,  vesuvianitc,  scapolite  (meionit^*^). 
anorthite,  nephelite,  biotite  (or  meroxene)  as  metamorphic  v^^- 
suits ;  and  in  just  the  situation  where  an  explosive  eruptld^n 
might  detach  masses  and  bring  them  up  to  the  light.     It     is 
noteworthy  that  the  above  minerals  of  the  ejected  blocks  aboxit 
Somma,  which  have  long  been  regarded  as  throat  minerals    of 
Vesuvius,  crvBtallized  by  the  volcanic  heat  as  held  by  Scacclii. 
are  kinds  that  are  characteristic  of  Archaean  rocks  and  es|J^e- 
cially  of  an  Archaean  limestone,  rocks  which  may  underlie  t:lie 
later  limestones  and  other  strata.     There  is  little  assumpti  on 
therefore  in  saying  that  some  of  these  crystallizations  illustraa  te 
specifically  crystallinic   metamorphism,  tliough   others   may    ^>^ 
of  the  metacheinic  kind,  that  is,  products  of  chemical  change 

From  the  side  of  a  fissure  near  the  bottom  of  theempti^^i 
basin  of  the  lava-lake  called  the  ''  Old  Beggar,"  was  taken-    '^^ 
my  visit  in  August,  1S87,  a  specimen  as  large  as  the  hand,  co^'' 
ered  with  minute  white  tabular  crystals,  with  some  transpar^^"^^ 
crystals  of  acicular  form.     The  mineral  turned  out  to  be  ^yV" 
sum,  common  as  an  incrustation  in  Kilauea  caves. 

*  "On  terms  applied  to  metamorphism,"  this  Journal,  III,  xxxii,  70,  1886. 
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I.  The  form  of  Mt.  Loa  a  consequence  of  its  Eruptions. 

Mt.  Loa  differs  from  almost  all  other  volcanic  mountains  in 
iving  a  double  curvature  in  its  profile,  owing  to  the  flattening 
»d  widening  of  its  summit,  and  the  spreading  of  its  base.     It 

the  flattened  summit  which  gives  so  vast  bulk  to  a  mountain 
:  its  altitude. 

This  peculiarity  I  attributed  in  my  Expedition  Report,  to 
le  positions  of  the  prevailing  outflows,  on  the  ground  that  dis- 
larges  of  lavas  about  the  base  tend  to  widen  and  flatten  the 
ase  and  give  a  single  concavity  to  the  profile  on  either  side ; 
aat  discharges  at  the  summit,  especially  if  in  short  streams, 
arve  to  elevate  the  summit  and  make  still  more  pronounced 
he  single  concavity ;  but  that  discharges  over  the  upper  slopes 
md  not  over  the  summit,  tend  to  widen  the  upper  part  and 
iatten  the  summit  so  as  to  produce  a  convexity  in  the  profile 
above. 

The  outflows  of  the  century  have  had  the  distribution  required 
to  produce  the  actual  form.  Part  are  basal ;  another  large  part 
start  just  below  the  summit,  and  none  of  much  size  from  the 
ncinity  of  the  summit  crater.  The  double  curvature  so  pro* 
'need,  however,  is  mostly  confined  to  the  eastward  and  south- 
out  hwest  ward  slopes,  the  chief  directions  of  expansion  by  basal 
onflows  ;  moreover,  the  widening  in  the  former  direction  owes 
'Ucli,  beyond  doubt,  to  the  eruptions  of  Kilauea,  Further: 
^^Viy  to  the  absence  nearly  of  cinder  ejections^  the  summit  fails 

tlie  most  common  means  of  growth  in  height  with  tapering 
[>  ;  and  this  is  a  prominent  source  of  the  difference  between 
^iid  most  other  volcanic  mountains. 

-A^nother  cause  tending  to  modify  the  shape  of  the  mountain 
tlxat  producing  fractures  and  subsidences.  Its  effects  are  seen 
c^vit  the  great  craters,  and  still  more  pronounced  about  the 
^•^ers  of  the  island.  The  former  action  aids  in  making  summits 
c^J^d  and  flat,  while  the  latter  works  directly  against  the  widen- 
?  of  the  coast  region.  It  makes  the  greatest  fractures,  nearly 
^i^Uel  with  the  coast  and  drops  the  coastward  block ;  it  thus 
cxc3s  to  shorten  the  radius  of  that  part  of  the  mountain  and 
^'t  precipices  into  its  profiles,  increasmg  thereby  the  mean  slope. 
^v-o  8ucn  walls  in  southern  Hawaii,  cross  the  road  between 
^auhou  and  Kilauea,  one  about  a  mile  and  a  half  from  the 
>5i6t  and  the  other  three  miles ;  they  are  marked  features  be- 
^I'e  the  traveler  in  his  ride  from  the  coast  to  the  volcano. 
hese  faulting?  seem  to  be  a  reason  for  the  concavity  in  the 
>'tithem  coast-line  from  Keauhou  westward,  and  for  the  short 
^stance  in  that  direction  between  the  summit  and  the  coast. 
Hher  great  fault-planes  exist ;  but  the  government  map  of  the 
*land  should  be  completed  before  the  facts  can  be  satisiactoril y 
'i^ussed. 
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Sagging  from  pressure  and  consequent  crnshing  has  been 
made  a  cause  of  a  single  concavity  between  the  top  and  the  base 
of  a  volcanic  mountain,  and  mathematical  calculation  has  found 
a  conformity  between  physical  law  and  the  shapes  of  such 
mountains  in  Japan  and  America.  But  there  can  be  no  crush- 
ing from  gravitational  pressure  in  a  mountain  made  almost 
solely  of  lava  ;  and  it  is  nardlv  a  possible  result  in  any  existing 
contt  if  ma<le  up  even  one-half  oi  lava-streams,  braced  as  they 
are  by  dikes. 

Tlie  following  are  the  mean  slopes  of  Mt.  Loa  from  the  sum- 
mit along  different  radii.  The  distances  made  the  basis  of  the 
calculations  are  taken  from  the  Government  map : 

S.S.W.  to  the  southern  cape  1  :  13-1=4''  22' 

S.K.  by  S.  to  the  indented  Kapapala  shore  1  :  9=6''  20' 

S.K.  t«»  foot  of  sloi)e  W.  of  Kilauea  1  :  9-12=6*'  15' 

K.X.K.  to  sliore  at  Ililo  1 :  14-86=3.''  51' 

W.  hy  S.  to  western  shore  1  :  8-11=6'°  43' 

N.  hy  K.  to  plain  between  Loa  and  Kea  1 :  9  to  1  :  10=5°  60'to6' 

In  a  circle  of  live  miles  around  the  summit  crater  the  mean 
HJopr.  in  ai)out  8°  :  the  mean  depression  to  the  eastward  at  the 
p(M'imet4^r  of  the  circle  is  about  1400  feet 

From  K  ilauea  to  the  eastern  cape,  28  miles,  the  slope  is  1 :36J 

=  r  ;jr»'. 

Tlir  fact  that  Mt  Loa  as  well  as  Kilauea  were  made  over  a 
grrat  lisHnrc  has  given  an  oblong  and  approximately  elliptical 
or  ovoidal  lonn  to  all  the  upper  contour  lines  of  Mt.  L>a. 
Furllirr,  tlir  hrnd  in  the  longer  axis  of  the  summit  crater,  mak- 
ing the  rnncavity  to  the  eastward,  is  also  expressed,  according 
to  llio  largr  govi'nniKMit  map,  in  the  form  of  the  upper  partoi 

(lir  d«>liir. 

At  what  prriod  in  its  histt>ry,  Mt.  Loa  left  off  superfluent (lis- 
I'liiii^Mv.  and  t«»ok  \o  having  only  the  tjHuiut^  or  those  through 
11.  'iurn.,  it  is  inipos,sihh'  t(^  say.  J»ut  as  the  walls  l)oth  of  Ki- 
JMiirii  Mild  tin-  snmniit  crater  are  made  up  of  the  edges  of  lava- 
ntiTiini'.  tn  tjir  vrry  top,  ii  would  ap]>ear  that  summit  overflows 
rmni  tlir  riMtiT  may  havi'  oontinuod  in  each  to  a  comparatively 
rrrrnt  tlimv  It  is  rnuarkablo  that  tiie  north  and  west  wallsof 
KiJiinrM,  N\  lii«'li  show  wi'll  tlu*  stratitication  from  top  to  l>ot- 
toni.  hnM«  uhiio'.t  n«»  intrrsoi'ting  dikes. 

In  ihi«  lolliiwing  p;ipiM\  \\w  ivlarious  of  the  Kilauea  volcano 
In  Mt.  I.oii  will  W  *'t»nsitleivd,  and  the  question  as  to  the  effects 
oi  M»li'aMor-'  on  ihr  drplhs  ot'  the  oooan. 
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RT.    XII.  —  The   Fayette   County^    Texas^    Meteorite  /    by 
J.  E.  Whitfield  and  G.  P.  Merrill.* 

The  meteorite  described  below  was  found  some  ten  years 
^  at  Bluff,  a  settlement  on  the  Colorado  Eiver  about  three 
dies  southwest  of  the  town  of  LaG range,  in  Fayette  county, 
exas.  Bluff  cannot  boast  of  being  a  village  as  it  is  simply 
lade  up  of  a  few  farms  scattered  within  a  radius  of  two  miles, 
'he  farmers  are  mostly  Germans  or  Bohemians,  and  as  they  are 
enerally  of  the  superstitious  class,  it  is  not  strange  that  the 
Qder,  a  Bohemian,  named  Kaniosek,  should  have  been  struck 

7  the  appearance  of  the  stone,  and  especially  by  its  weight. 

8  it  is  probable  that  he  never  heard  of  such  a  thing  as  a  me- 
orite  it  is  safe  to  say  that  he  did  not  know  the  nature  of 
3  find ;  still  he  seems  to  have  come  to  the  conclusion  that  it 
IS  something  foreign  to  the  soil. 

There  is  a  tradition  in  Fayette  County  that  Santa  Anna, 
the  time  of  his  flight  after  the  battle  of  San  Jacinto,  buried 
3  war-treasures  somewhere  near  LaGrange,  and  the  belief 
8  so  fixed  itself  in  the  minds  of  the  inhabitants  that  many 
litless  attempts  have  been  made  to  discover  it.     The  finder 

the  meteorite,  with  the  tradition  fresh  in  his  mind,  reasoned 
at  so  large  and  heavy  a  stone  must  mark  the  place  where 
me  treasure  was  deposited ;  he  therefore  rolled  the  stone  a 
w  feet  aside  and  dug  a  deep  hole  at  the  exact  spot  where  the 
>iie  had  been,  without  finding  anything  to  pay  him  for  his 
bor. 

For  several  years  the  stone  lay  where  the  Bohemian  had  left 
;  then  he  sold  the  piece  of  land  to  Mr.  C.  Hensel,  who  still 
vns  it ;  but  before  the  latter  had  taken  possession,  Kaniosek 
Jmoved  the  stone  to  his  own  farm,  about  a  mile  awfiy,  where 
►rfive  years  more  it  lay  neglected  in  his  yard.  His  reason  for 
amoving  it  was  that  its  weight  led  him  to  suspect  it  contained 
)ine  valuable  jpetal. 

About  three  years  ago  Mr.  II.  Hensoldt  took  charge  of  the 
ihool  at  Cedar,  two  and  one-half  miles  from  Bluff  settlement. 
>y  spending  his  spare  time  in  hunting  over  the  ground  for 
^ils,  minerals,  etc.,  the  attention  of  the  farmers  was  drawn 
>  him,  and  in  January,  1888,  he  was  informed  of  the  strange 
-one  in  Mr.  Raniosek's  yard.  Immediately  on  seeing  it  he 
Agnized  it  as  a  meteorite,  and  a  very  fine  specimen  of  its  kind. 

After  obtaining  possession  of  the  stone  Mr.  Hensoldt  dis- 
oeed  of  it  to  Mism  Ward  and  Howell,  of  Eochester,  N.  T, 

*  The  chemical  work  was  done  in  the  laboratory  of  the  IT.  S.  Geological  Sur- 
y ;  the  petrographical  work  in  the  laboratory  of  the  U.  S.  National  Museum. 

^M.  Jour.  Sci.— Thibd  Series,  Vol.  XXXVI.  No.  212.— August,  1888. 
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to  whom  we  are  indebted  for  the  material  for  study  and  the 
privilege  of  description.  On  receiving  the  stone,  Mr.  Howell 
published  a  notice  in  Science  (Feb.  3,  1888,  p.  55)  patting  it  on 
record  a&  the  "  LaGrange  Meteorite,"  but  on  finding  tMt  tluB 
name  had  already  been  applied  to  tlie  Oldham  County,  Ken- 
tucky, meteorite,  agreed  tliat  it  should  be  called  the  Fayette 
County  Meteorite. 

The  stone  poseeeses  all  the  characteristics  of  a  meteorite. 
The  pittings  are  well  marked,  but  the  crust  shows  only  in  the 
deeper  depressions;  a  freshly  fractured  surface  shows,  bwdes 
the  grains  of  metal,  a  greenish  gray  appearance  not  nnlib 
some  greenstones.  A  particularly  interesting  feature  of  the 
stone  is  the  presence  of  a  few  dark-colorra  veins  varying 
greatly  in  dimensions — the  one  in  the  specimen  for  examiiu- 
tion  l>eing  some  2°™  in  greatest  width,  and  60°"  in  length. 

The  three  dimensions  of  the  mass  are  58™x46™x28™,  and 
the  total  weight  about  146  kiloa  A  good  idea  of  the  appew^ 
ance  of  the  meteorite  may  be  had  from  figure  1. 


Before  the  specimen  was  pulverized  for  analysis  the  vein 
was  carefully  sawed  out  so  as  to  keep  all  the  vein  materiil 
from  the  mass.    The  rock  was  then  ground  as  fine  as  poanble, 
and  a  portion  {1  gr.)  treated  with  iodine  in  eold'water,  to  eepi- 
rate  the  metallic  particles.    The  residue  was  filtered  on  a  Gooeh 
soluble  filter  and  washed  free  of  iodine.     The  rocky  materiil 
after  being  weighed  was  treated  with  dilute  hydrocmoric  add 
and  allowed  to  stand  for  some  time,  then  filtered  and  the  refl!    l 
due  weighed.     In  both  cases  the  mineral  being  separated  froin 
the  filter  by  using  the  proper  solvent  for  the  anthracene—    I 
washed  with  ether  aod  alcohol  and  dried  at  100°  C.    Thi*   ' 
temperature  not  being  sufficient  to  drive  all  the  water  from  the   ' 
mineral  part  accounts  for  the  discrepancy  of  »bout  2  per  cenL 

The  following  fienres  will  show  the  composition  of  the  metil 
and  the  rock,  soluble  and  insoluble,  in  hydrochloric  add ;  also 
the  reenlts  of  a  complete  analysis  of  the  total  maas : 
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No.  1.  2.  8.  4. 


Total  maM. 

9*97  per  cent  total. 
Metal. 

88*8  per  cent  or  total. 
uiBol.  In  BCl. 

eo-Wper  cent  to 
Sol.  In  HCl. 

SiO,      = 

37-70 

4964 

3359 

Fe 

3-47 

82-42 



FeO 

2382 

16-56 

3V-i2 

A1,0, 

2-17 

412 

134 

P.O. 

•25 

42 

CaO 

220 

493 

100 

MdO 

•45 

-54 

43 

MgO 

25  94 

25-21 

28^08 

XiO 

1-59 

• 

trace. 

2-66 

Ni 

•65 

15*44 

ii 

CoO 

•16 

»( 

•27 

Co 

•09 

214  . 

8 

1-30 
99-79 

2-18 

10000 

100-00 

10109 

B  0,  for  S, 

=  •66 
9914 

=   109 

• 

10000 

Sp.  gr.  = 

:  3510. 

The  percentages  in  all  except  the  first  are  calculated  from 
3  weight  found. 

From  these  figures  it  will  be  seen  that  the  minerals  which 
to  make  up  the  rocky  portion  of  the  meteorite  are  essen- 
Ily  olivine  and  enstatite,  with  considerable  pjrrhotite,  as  is 
0  shown  by  the  microscopical  description. 
The  stone  belongs  to  the  class  of  meteorites  to  which  G, 
►se*  has  given  the  name  "  chondritea"  To  the  unaided  eye 
i  chondritic  structure  is  not  distinctly  marked,  a  broken  sur- 
56  showing  a  fine  grained  and  evidently  crystalline-granular 
jk,  very  compact,  of  a  greenish  gray  color  and  thickly  studded 
th  small  metallic  points  with  a  brassy  luster.  A  polished 
rface  shows  the  stone  to  be  composed  of  small  chondri  rarely 
er  2°"°*  in  diameter,  thickly  and  firmly  compacted  in  a  fine 
inular  groundmass.  Throughout  the  entire  mass  are  thickly 
itributed  innumerable  small  irregular  flecks  of  a  steel-gray, 
iBsy  and  bronze-yellow  color,  presumably  native  iron  and 
rrhotite. 

The  striking  feature  of  the  stone  is  its  tine  and  compact  tex- 
pe,  which  exceeds  that  of  any  chondritic  meteorite  with 
lich  we  are  acquainted,  but  which  is  perhaps  most  closely 
preached  by  the  stones  of  Dhuriiisala,  India,  and  Cabarrus 
mtjr,  N.  C. 

rhm  sections  of  the  stone  show,  under  the  microscope,  a 
ifused  aggregate  of  rounded  and  irregular,  often  fragmental 
rine  and  enstatite  grains  and  chondri,  imbedded  in  a  fine 
nular  groundmass  oi  the  same  mineral  composition. 
?he  chondri  occur  in  both  monosomatic  and  polysomatic 
ns  composed  either  of  olivine  or  enstatite  alone  or  the  two 

*  AbhaDcU.  der  KonigL  Akad.  d.  Wissensch.  zu  BerliOf  1863,  p.  161. 
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minerals  associated.  The  peculiar  grate-like  or  barred  fonns 
so  characteristic  of  olivine  ehondri  are  here  represented,  as 
are  the  radiating  fan-shaped  forms  of  enstatite. 

The  large  greenish  microscopic  ehondri  are,  under  the  micro- 
scope, seen  to  be  made  up  of  innumerable  enstatite  granules  so 
arranged  as  to  form  oval  or  fan-shaped  areas  of  radiating  col- 
umns enclosing  large,  quite  perfectly  outlined  crystals  of  the 
same  mineral.  These  included  forms  are  nearly  colorless  or 
merely  gray  through  enclosures  of  innumerable  dust-like  parti- 
cles, and  show  sharp  and  well  defined  cleavages  parallel  to 
either  prism,  and  a  parting  parallel  to  the  orthopinacoid.  Both 
olivine  and  enstatite  are  nearly  colorless  or  gray  through  enclo- 
sures of  dust-like  particles,  and  carry  but  few  cavities. 

In  addition  to  the  minerals  above  mentioned  there  were  no- 
ticed occasional  broad,  irregular  plates  of  a  monoclinic  mineral, 
light  gray  in  color  but  polarizing  brilliantly  in  red  and  yellow 
colors  and  which  gave  extinction  angles  varying  from  25®  to 
31^.  Such  are  presumably  augite  or  a  closely  allied  pyroxene. 
Nothing  that  can  be  certainly  identified  as  a  feldspar  was  ob- 
served. Occasional  small,  nearly  colorless,  angular  forms 
show  faint  indications  of  twin  structure,  and  it  is  possible  may 
be  a  plagioclase.  In  two  sections  were  observed  irregular 
outlined  interstitial  areas,  perfectly  colorless  and  full  of  gas  cav- 
ities. These  in  some  cases  remained  quite  dark  during  a  com- 
plete revolution  of  the  stage,  and  in  others  gave  decid^  polar- 
ization in  light  and  dark  colors,  and  in  converging  light  showed 

indistinct  biaxial  interference  figures.  The  posi- 
tion of  these  areas  relative  to  tne  other  constitu- 
ents is  that  of  an  interstitial  glass  or  a  secondaiy 
mineral,  like  a  zeolite.  As  they  show  neither 
cleavage  nor  crystallographic  outlines,  and  more- 
over are  to  be  found  but  rarely  in  the  sections  at 
hand,  it  is  inipossible  to  identify  them  satisfactorily. 
The  metallic  iron  occui*s  in  the  usual  rounded 
and  irregular  ma-^ses  one  to  two  millimeters  in 
diameter  and  is  api)arently  in  about  equal  propor- 
tions with  the  ])yrrliutite :  the  latter  showing  a 
bright  brassy  luster  in  strong  contrast  with  the  sil- 
very white  iron. 

The  black  vein  above  noted  traverses  the  stone 
in  the  form  of  an  irregular  fissure  (often  expand- 
ing and  (;ontracting  abruptly  as  is  shown  in  hgure 
2),  for  a  distance  of  about  6(3™"",  and  varies  in 
width  from  a  mere  line  up  to  2"*"^.  Near  its  lower 
end  it  bifurcates  and  encloses  a  portion  of  the  mass  of  the 
meteorite  some  15'"'"  long  by  2"'™  wide.*     From  a  fragment 

*  Since  ihe  above  was  wriiteii  Messrs.  Ward  and  Howell  have  sliced  the  stone 
through  the  center  and  published  in  Science  of  June  1,  1888,  a  figure  showing  the 
full  extent  and  width  of  the  veins. 


2. 


Natural  size. 
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^ntaining  a  portion  of  the  vein  thin  sections  were  prepared, 
uid  the  remaining  vein  material,  separated  as  clearly  as  possible 
rrom  the  enclosing  rock,  was  subjected  to  chemical  analysis, 
;lie  process  being  essentially  the  same  as  in  the  analysis  of  the 
meteorite  proper.  Although  the  vein  material  is  more  compact 
ind  much  darker  in  color,  the  analysis  shows  very  little  differ- 
3nce  from  that  of  the  mass,  the  main  apparent  difference  being 
;he  absence  of  the  lime-bearing  mineral.  The  following  are  the 
igures  obtained  by  analysis  on  material  that  weighed  a  little 
less  than  0*4  grams : 


44  per  cent  of  vein. 

51 

1  per  cent  of  vein. 

Metal. 

Insolnble  in  HCl. 

Soluble  in  HCl. 

Fe        =  2-30 

SiO, 

=    5G-52. 

27  63 

Ni,  Co      trace 

FeO 

12-35 

34-31 

A1,0, 

1-51 

2-41 

CaO 

trace 

trace 

MjrO 

25-53 

3212 

(NiPx))  0 

409 

3-27 

S 



•52 

100-00 

100  2G 

Less  0, 

forS 

=        -26 

10000 


Sp.  gr.  =  3-585. 


The  same  difficnlty,  with  regard  to  water  in  the  mineral, 
exists  here  as  in  the  analysis  of  the  mass. 

From  the  figures  it  appears  that  tlie  portion  soluble  in  hy- 
drochloric acid  is  essentially  olivine  in  composition,  while  the 
insoluble  is  evidently  a  mixture  of  the  same  insoluble  constitu- 
ents as  the  mass  of  the  meteorite.     The  filling  material  of  the 
vein  is,  to  the  unaided  eye,  quite  black  and  without  luster ; 
Tinder  the  microscope  it  is  seen  to  penetrate  very  irregularly 
and  by  innumerable  minute  vein-like  ramifications   into  the 
stony  mass  on  either  side  and  to  carry  numerous  enclosures  of 
a  colorless  mineral  substance  and  blebs  of  metallic  iron  and 
pyrrhotite.     The  exact  nature  of  the  colorless  enclosures  can- 
not be  ascertained.      On  treating   an   uncovered   slide   with 
hydrochloric    acid   a  part    of    these    were    dissolved,    others 
Were  unacted  upon.     Under  the  microscope  they  are  full  of 
irregular  rifts  and  fracture  lines  but  show  no  true  cleavages. 
Some  of  them  are  in  the  form' of  single  individuals,  others 
have  the    structure   of    fragments   of    polysomatic    chondri. 
Kearly  all   contain  included    black   amorphous   material   and 
many  show  distinctly  included  specks,  giving  the  silvery  white 
and  brassy  yellow  reflections  of  the  metallic  iron  and  pyrrho- 
tite.   In  many  cases  they  are  not  separated  from  the  black  vein 
material  by  sharp  lines  but  6eem  to  pass  into  it  by  gradations. 
Between  crossed  nicols  many  of  them  act  like  a  gum,  others 
remain  always  light,  recalling  the  well  known  crypto-crystalline 
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FtrncTur^  of  cLalced'.»ny  and  srill  ?how,  here  and  there,  occa- 
sional ^zh'aW  areas  giving  the  charaeterisrie  polarization  colors  of 
olivine  and  ensiatiic-.  <  ^n  examining  the  walls  of  the  vein,  ares 
were  ofi-^rv^i  where  the  irrav  and  vellowish,  enstatites  and 

_         ■  ■ 

olivines  retained  iLf  ir  n«.»rmal  pMiperties  at  the  distance  of  one 
or  two  mi]li:neteis.  hut  at  e-imtact  with  the  black  vein  matter 
were  re<3uce«l  to  the  col-jrle*?  non-jKilarizing  condition  of  the 
enciO??nre?. 

Tlie  Mack  matter  ■•f  tiie  vein  when  viewed  in  ^trong  re- 
decte-1  ii::]it  r-how^  a  dull  l'n>Tize  luster,  less  brilliant  than  tliat 
of  the  |»\rrh«'Tite  partieles  which  it  encli»5es.  The  thinne^l 
fKirtioLs  i'f  the  sliilr  when  examine*!  with  a  power  of  175 
diameter-  .*lii>w  a  hr«iwni?li  aui'irphous  base  through  which  are 
fr'.-attered  ahuTidanr  irreiruhir  dust -like  particles  and  flecks  ot  a 
periH-tly  hhick  iipa^iuu  material,  the  nature  of  which  it  is  im- 
jK»s-iWe  tM  ii-f.-eriaiii  1j\'  the  micr"Scoj>e  ali*ne. 

Thf  -:rTir-:r.r».-  ••!  the  vein   i?  shuwn  in  figure  3  in  whieli 
5;  thu  tinolv  diitted  ]>ortions  represent  the 

• >»j    -J        Miu-k    amoq^liMUS     vein     matter    with 

i  y  .^/  hr.iuzv  luster,  the  entirelv  black  area,  the 

"/  \  ---/V  lilfbs  "f  UK-tal  and  pyrrhotite,  and  the 

^j^#*l    ■.^~'7_  irreirularly    munded,    clear    or    partly 

"^  ^^^"^r         c-l' aided  area,  the  colorless  silicates. 
^  ^  li\f  '   P'n  »!n  the  study  of  these  veins  as  above 

".-^Avv  tleseribed.  we  are  inclined    to   consider 


^ 


i 

(. 


-  •  1 1*  -  >A "si-  ^'**^  oi»lorlt->>  particles  as  olivine  and  en* 

•>  -  .-         *>-- -  statitt-    residuals   which    have   been  do- 

;   .     7-  *  prived  uf  their  normal  optical  proper- 

,^    ^  •  -».     —  ties  bv  the  fnrees  active  in  forming  tlie 

^~.-     -    ^'^-   ^J^'  ^'t'in.     What  the  exact  character  of  the 

p'>  ?^/j^     ^r    -♦>  blaek  and  anmrphous  material  may  l)e, 

'  l-^  -=■■■■-..  -y'^'  still  remains  a  matter  of  conjecture.    It 

^    '      -  is  unarmed  upt»ii  by  acids  and  when  tested 


•^  j» 


!• .:     .  .<;  '...!,  ;.,,:.:;.- ui;i^'-    with  ;i  iiredL'  jn»int  it  breaks  up  readily 
■  ''"'^  intn  ea "thy  fragments  which  are  not  at- 

tra^-ted  l»y  the  ina;^ni*t. 

Mr.  Unwell  inff»riii>  us  that  the  st^ue  in  his  possession  shows 
three  <.»t  th«*se  vuin.-,  tlie  lar;.''sr  t^xposure  of  any  one  on  a  bro- 
ken surface  l»einir  .ilMiut  f«»ur  inehos.  The  width  and  a^eneral 
character  nf  all,  he  states,  a|r»ear>  to  ]>e  uniform  throughout, 
thou;rh  this  can  W-  aseertaiutd  dt-tinittdy  only  by  breaking  the 
stone." 

*  In  >tr  ctiip.'  \\\c<v  vfius  soi-m  to  ■  lily  r.-'LoTt-ly  resemble  those  described  by 
Tscli-rinak  Sitz.  d.  r  Knis.  Ak;i.l.  ikr  A'iss..  i.vxxv.  1.  p.  201).  in  the  Moc«  meteor- 
ite aijtl  wliiol:.  ii  will  bo  nmf'iMl'orcd.  In.-  nrj^Mtil  indicated  an  elevation  of  lempe- 
raiure  sine-.'  \\\^:  cnnsolidaiion  <»t'  ilio  st.nii-.  swoli  :is  uidt^d  by  reducing  vapors  and 
prases  fus<."il  the  inm  anil  pyrrliotitr  wiihr>nt  ;ilT»>cting  the  silicates.  He  dewrilje* 
the  brown  and  blurk    *  Fulhnasse  "  of  the  vein  aif  an  admixture  of  the  same  suo* 


Z.  F.  Ward — Evidence  of  ike  FosbxL  Plarda^  etc.      119 

Owing  to  the  small  amount  of  vein  material  which  i^as  avail- 
able for  chemical  analysis  and  the  impossibility  of  separating  it 
completely  from  the  enclosing  rock,  the  results  obtained  can 
be  regarded  only  as  suggestive.  The  main  points  brought  out 
can  be  best  shown  by  reproducing  here  a  comparison  of  the 
results: 

Vein  material. 

38-96 

2  30 

22.98 

1-89 

trace 

27-52 

3-26 

•26 


If  aM  of  meteorite. 

SiO,     = 

3770 

Fe 

4-41 

FeO 

23-82 

AltO. 

2-17 

CaO 

2-20 

MnO 

•45 

MrO 

25-94 

NiCo 

1-75 

s 

1-30 

Sp.  gr.  =  3-510  Sp.  gr.  =  3 -585 

These  differences  are  too  slight  to  be  considered  of  great 
value  until  found  to  be  constant  by  further  investigation.  It 
is  to  be  hoped  that  the  ultimate  possessor  of  the  stone  will  re- 
gard a  knowledge  of  itB  true  character  as  of  first  importance 
and  will  not  hesitate  to  sacrifice  any  necessary  amount  for  the 
purpose  of  an  exhaustive  examination  by  the  most  advanced 
metnods!  Our  most  siticere  thanks  are  due  Mr.  Hensoldt  for 
kindly  furnishing  us  with  the  information  regarding  the  dis- 
covery of  the  meteorite. 

WashingtoD,  D.  C,  April  12th,  1888. 


Art.  XIII. — Evidence  of  the  Fossil  Plants  as  to  the  Age  of 
the  Potomac  Foriaation;*  by  Lester  F.  Ward. 

It  is  remarkable  that  the  geologic  age  of  the  formation 
upon  which  the  cities  of  Baltimore,  Washington,  Fredericks- 
burg and  Richmond  stand  should  have  remained  unknown  to 
the  present  day.  My  contribution  to  this  subject  relates  en- 
stance  as  the  meteorite  itself,  and  an  opaque,  lialf  glassy  black  admixture  reeem- 
bling  the  black  vein-like  material  of  the  Orvinio  elonc.  The  silicates  occur  in  the 
vein  in  the  form  of  small  sharp  splinters,  the  iron  in  granules  and  ihe  pyrrhotite 
in  the  form  of  little  leaves  and  small  kernels,  olten  so  arranged  as  to  ^ivo  rise 
to  a  fluidal  structure.  Dr.  Hans  Reusch  lias  described  ^N..  Jahrb.  fiir  Min.,  iv 
Beil.  Band.,  3d  heft,  1886.  pp.  491-2),  veins  in  the  Stiilldalen  meteorite  which 
present  features  in  part  common  to  those  of  the  Ka.vette  stone.  To  the  unaided 
eye  the  filling  material  is  black  and  opaque  and  carries  metallic  particles.  Under 
the  microscope  it  shows  a  brownish  gray,  isotropic  and  sometimes  opaque  glassy 
substance  densely  crowded  with  rounded  transparent  fragments.  The  upper  ftg- 
ure  in  his  Plate  XIV  closely  resembles  in  structure  the  vein  matter  of  the  Fay- 
etle  stone,  but  as  far  as  cnn  bo  judged  from  his  description  the  included  particles 
teem  to  have  retained  their  normal  optical  properties.  Reusch  regards  this  black 
rein  material  as  the  result  of  a  partial  refusion  of  the  chondrite  substance. 

♦Read  before  the  .National  Academy  of  Sciences  at  Washington.  April  20, 
1S8S. 
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tirely  to  the  esridence  which  the  vegetable  remains  found  in 
that  formation  furnish  toward  the  solution  of  this  question. 
Until  quite  recently  this  was  the  only  paleontologic  evidaice 
attainable,  but  within  the  past  six  months  vertebrate  remains 
have  been  found  which  are  of  the  highest  value.  Indeed, 
with  the  exception  of  a  few  ferns  obtained  by  Mr.  F.  Shep- 
herd near  Fredericksburg,  Virginia,  and  figured  with  veryim- 
{)erfect  descriptions  in  a  paper  by  Richard  C.  Taylor,  pub- 
ished  in  the  Transactions  of  the  Geological  Society  of  Penn- 
sylvania,  in  1835,*  it  is  only  within  the  past  five  or  six  years 
that  the  existence  of  plants,  other  than  silicified  wood  and  lig- 
nite, in  this  formation  has  been  made  known.  For  their  dis- 
covery, thorough  investigation,  and  careful  elaboration,  we  are 
almost  wholly  indebted  to  Professor  Wm.  M.  Fontaine,  of  the 
University  of  Virginia.  Four  years  ago.  Professor  Fontaine 
brought  to  Washington  some  specimens  collected  at  Freder- 
icksburg in  what  he  then  regarded  as  Jurassic  strata,  which, 
though  quite  imperfect,  he  had  observed  to  differ  from  all  the 
ferns,  conifers  and  cycads  of  true  Jurassic  type,  and  to  resem- 
ble in  many  respects  dicotyledonous  leaves. 

Although  aware  that  certain  ferns,  such  as  Dictyophyllnm, 
Thaumatopteris  and  Clathropteris,  having  decidedly  net-veined 
fronds,  have  been  found  in  Jurassic  strata,  nevertheless,  so 
different  were  these  leaves  from  such  forms,  and  so  similar 
were  they  to  modern  deciduous  leaves,  that  I  expressed  at  the 
time  my  conviction  that  they  were  true  Dicotyledons,  though 
of  an  archaic  type ;  and  speaking  of  them  in  my  article  on 
Mesozoic  Dicotyledons,  in  this  Journal  for  April,  1884,  I  said 
(p.  303)  that  they  "certainly  possess  all  the  essential  elements 
of  Dicotyledonous  leaves,  altnough  at  the  same  time  bearing  a 
certain  recognizable  stamp  of  the  cryptogamic  and  gynino- 
sperm ous  vegetation  that  characterizes  that  earlier  age.'' 

As  the  subclass  Dicotyledons,  formerly  called  angiospermous 
Exogens,  had  at  that  time,  with  the  exception  of  a  single  some- 
what doubtful  species,  never  been  found  lower  than  the  Cen- 
omanian  of  France,  Quadersandstein  of  Germany,  Middle  Cre- 
teceous  of  Greenland,  and  the  Dakota  Group  and  Amboy  clays 
of  the  United  States,  all  of  which  are  usually  regarded  as 
nearly  equivalent  in  age  and  as  representing  the  miodle  mem- 
ber of  the  Cretaceous  above  the  Gault,  my  interest  in  this  ap- 
parently great  downward  extension  of  this  class  of  plants  was 
from  the  first  of  the  liveliest  character,  and  I  have  from  that 
day  not  only  watched  eagerly  the  progress  of  Professor  Fon- 
taine's investigations,  but  have  accompanied  him  on  several  of 
his  collecting  tours  through  the  States  of  Virginia,  Maryland 
and  North  Carolina,  and  have  carefully  studied  the  beds  hold- 

*  Vol.  i,  pp.  320-325,  PI.  XIX. 
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ing  the  plants,  the  character  of  the  specimens  in  place,  and  the 
general  nature  and  affinities  of  the  flora  of  the  Potomac  for- 
mation. 

In  the  course  of  this  investigation  the  accuracy  of  my  con- 

i'ecture  as  to  the  true  nature  of  the  forms  I  have  mentioned 
las  been  abundantly  verified,  and  we  have  now,  described  and 
figured  by  Professor  Fontaine,  no  less  than  seventy-five  spe- 
cies of  undoubted  Dicotyledons  in  this  flora.  These  forms, 
together  with  a  number  of  others  to  which  I  shall  presently 
refer,  have  led  Professor  Fontaine  to  change  his  mind  slightly 
as  to  the  age  of  this  formation,  and  instead  of  Jurassic,  as  first 
believed  by  Rogers,  he  now,  as  I  nnderstand,  inclines  to  adopt 
the  later  view  of  that  authority  that  they  are  Jurasso-Creta- 
ceous  and  will  prove  to  form  a  group  of  passage  beds  between 
the  Jurassic  and  Cretaceous,  similar  to  the  Wealden  of  Europe. 
Professor  Fontaine,  however,  prefers  to  call  the  flora  Neoco- 
mian,  which  he  gives  a  wide  range  as  including  all  the  older 
Cretaceous  from  the  Gault  downward,  and  of  which  he  re- 
gards the  Wealden  as  an  equivalent  fresh-water  deposit. 

My  object  in  the  present  paper  is  simply  to  show,  in  as  clear 
and  direct  a  manner  as  possible,  what  the  fossil  plants  of  the 
Potomac  formation  indicate  as  to  its  age,  and  I  shall  not  advo- 
cate any  special  view  of  the  case. 

With  the  exception  of  five  species  described  by  Professor 
F.  H.  Knowlton  from  a  study  of  the  internal  structures  of  the 
silicified  wood  and  lignite,  in  a  paper  soon  to  be  published,*  it 
is  to  Professor  Fontaine  that  we  are  exclusively  indebted  for 
the  details  which  I  have  summarized  in  the  present  paper. 
At  the  expense  of  vast  labor  he  has  studied,  described  and  de- 
lineated $he  extensive  collections  made  almost  entirely  by  him- 
self, and  has  prepared  an  elaborate  manuscript,  with  174  plates, 
which  has  not  yet  been  published.  He  has  very  kindly  placed 
this  unpublished  work  at  my  disposal,  and  it  is  from  it  that  I 
have  cniefly  compiled  the  data  which  I  have  to  present. 
Without  such  a  compilation  it  would  be  impossible  to  deter- 
mine the  precise  relations  of  this  flora  to  those  of  other  forma- 
tions. Professor  Fontaine  seems  not  to  have  undertaken  such 
a  compilation,  and  must  have  depended  for  his  opinion  of  the 
age  to  which  the  flora  points  upon  the  impression  made  on  his 
mind  by  each  species  separately  and  that  produced  in  his 
memory  by  the  tout  ensemble.  Considering  this,  it  is  certainly 
remarkable  how  accurate  his  judgment  was,  and  I  am  not  pre- 
pared to  affirm  that  the  conclusions  which  flow  mathematically 
irom  the  statistical  view  here  presented,  taken  in  themselves, 
differ  in  any  marked  respect  from  Professor  Fontaine's  intui- 
tions. 

*  BuUetin  U.  S.  Geological  Survey,  Xo.  53. 
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Elements  of  the  Potomac  Flora. 
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I  have  prepared  the  foregoing  table,  showing  the  principal 
elements  of  the  Potoinae  Flora  as  elaborated  by  Professor 
Fontaine  and  Professor  Knowlton,  from  which  it  appears  that 
the  whole  nnmlier  of  species  tlins  far  known  is  370,  consisting 
of  3  species  of  Ecpiisetnm,  139  ferns,  28  cycads,  112  conifers, 
76' dicotyledons,  and  12  species  whose  systematic  position  is 
not  definitely  known.  Of  this  nnmber,  354  are  new  species, 
leaving  only  16  species  which  are  common  to  the  Potomac  and 
other  formations.  But  in  comparing  these  new  species  with 
the  other  fossil  floras  of  the  globe,  98  of  them  have  been  fonud 
to  resemble  to  a  greater  or  less  extent  species  figured  from 
elsewhere,  leaving  256  species,  or  nearly  69  per  cent,  which  do 
not  sufliciently  resemble  known  forms  to  suggest  any  close  rela- 
tionship. It  is  therefore  only  the  16  identical  and  9S  presum- 
ablv  allied  species,  or  considerablv  less  than  one  third  of  the 
whole  flora,  that  we  have  to  do  with  in  our  comparison  of  spe- 
cies. The  forms  with  which  these  114  species  are  found  to 
possess  characters  in  common  are  derived  from  37  distinct  flo- 
ras, ranging  from  the  summit  of  the  Trias  to  the  base  of  the 
Tertiary,  but  chiefly  within  Jurassic  and  Cretaceous  strata. 

lihehc. — The  formation  called  Khetic,  which  some  re^irdas 
the  base  of  the  Jura  and  others  as  u[)permost  Trias,  is  the 
oldest  that  has  yielded  forms  which  are  comparable  with  any 
found  in  the  Potomac  formation.     Such  forms  are  found  at 
three,  and  if  we  include  certain  beds  in  China,  at  four  different 
localities  widely  separated  from  one  another,  which  have  been 
correlated  as  of  Khetic  age.     The  most  interesting  of  these  is 
that  of  the  Richmond  Coal  Field  in  Virginia  which  Professor 
Fontaine  has  himself  elaborated,  and  in  which  he  believes  he 
finds  the  ancestral  types  of  some  half  dozen  Potomac  species, 
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in  four  of  which  the  resemblance  is  close  enough  to  warrant 
the  preservation  of  the  generic  name. 

A  somewhat  larger  number  of  species  are  compared  with 
those  of  Franconia  and  Seinstedt  m  Germany,  though  here 
the  affinities  are  less  close.  Six  species  are  compared  with 
forms  from  the  well  known  Khetic  beds  of  Sweden  and  three 
with  the  Jurassic  of  China  where  Dr.  Newberry  found  plants 
identical  with  those  collected  by  Emmons  in  North  Carolina. 

Taking  all  these  Khetic  localities  together  we  find  that  four- 
teen Potomac  species  have  important  characters  in  common 
with  Rhetic  plants,  although  none  of  them  are  specifically 
identical. 

Lia%. — The  Kajmahal  group  of  India  has  generally  been  re- 
ferred to  the  Lias  and  is  the  only  flora  of  that  age  which  con- 
tains types  that  reappear  in  the  Potomac  beds.  Six  species 
are  compared  in  three  of  which  the  same  genera  occur,  but 
two  of  the  remainder  either  present  only  an  accidental  resem- 
blance or  there  has  been  a  mistake  in  their  generic  reference. 

Oolite, — Six  Oolite  beds  contain  analogous  forms  to  those  of 
the  Potomac  These  are  :  1.  The  Upper  Gondwanas  of  India; 
2.  That  of  Cape  Boheman,  Spitzbergen  ;  3.  Those  of  eastern 
Siberia;  4.  Those  in  Russia,  worked  up  by  Schmalliausen ; 
5.  Those  of  Italy  monographed  by  Zigno ;  and  6,  the  cele- 
brated Yorkshire  Oolites.  The  Siberian  and  Yorkshire  beds, 
however,  have  yielded  the  greater  part  of  the  species  allied  to 
Potomac  plants.  Thirty-one  species  of  Potomac  plants^  have 
allies  in  the  Oolite  flora,  but  as  yet  there  occur  none  that  are 
identical. 

Upper  Jura, — The  upper  Jurassic  deposit  at  Solenhofen  in 
Bavaria,  the  Coral  beds  of  Verdun  and  St.  Mihiel  in  France, 
and  the  Kimmeridge  strata  at  Morestel  and  the  Lac  d'Annaille, 
have  each  yielded  forms,  especially  of  the  coniferous  genus 
Brachyphyllum,  which  closely  resemble  Potomac  specimens. 

Wealden. — The  Wealden  of  England  furnishes  two  species 
which  also  occur  in  the  Potomac  formation.  These  are  Fqui- 
setum,  Lyelli  Mant.,  and  Sphenopteris  Mantelli  Brongn.,  the 
latter  of  which  also  occurs  in  the  Wealden  beds  of  Germany, 
first  monographed'  by  Duiiker.  Besides  these  there  occur  on 
the  Island  of  Portland  and  the  Isle  of  Wight  certain  Cycadean 
trunks  referred  to  Cycadeoidea,  Bennettites  and  Mantellia, 
which  are  very  similar  to  those  found  by  Tyson  in  Maryland, 
called  by  Professor  Fontaine  Tysonia  Marylandica, 

A  much  la^er  number  of  identical  species  are  found  in  the 
Wealden  of  Germany.  Besides  the  one  already  mentioned  as 
common  to  strata  of  that  age  in  England  and  Germany,  we 
have  Pecopteris  JBrowniana  Dunk.,  P,  Dwnkeri  Schimp, 
Dioonites  Buchianu%  Schimp.,    Diooniies  abietinus   Miquel, 


124         L.  F.  Ward— Evidence  of  the  Fossil  Plants 

Sphenolepidium  Kurrianum  Heer,  and  S.  Stemhergianum 
rt)unk.)  Heer,  in  all  seven  identical  species.  Nine  other 
totomac  species  have  allies  in  the  Wealden  of  Gtermany. 

Four  Potomac  species  are  allied  to  plants  found  in  Japan,  in 
deposits  usually  regarded  as  Jurassic,  but  which  may  be  lower 
Cretaceous. 

Forms  of  Pecopteris  Whitbien^is  found  by  Trautschold  at 
Klin  near  Moscow  closely  resemble  GladopMebis  falcaia  and 
C.  oblongifolia  of  the  Potomac  flora.  Professor  Fontaine, 
following  Schenk,  regards  this  deposit  as  Wealden. 

Neocomian, — The  principal  beds  recognized  as  belonging  to 
this  series  containing  Potomac  types,  are  those  of  the  Valle  de 
Lobos  and  of  Almargem  in  Portugal,  whose  flora  was  elabo- 
rated by  Heer  in  1881.     Four  of  the  Wealden  species  found 
in  the  Potomac  and  already  enumerated  recur  here,  leading  to 
the  strong  suspicion  that  the  Portuguese  beds  may  also  be  c^i 
Wealden  age.    One  of  these  (Sphenolepidiwm  Stey^rwergianu^j^ 
is  also  found  in  alleged  Neocomian  strata  near  Oerlinghaua^^tt 
in  Westphalia. 

Professor  Fontaine's  Taxodium  Virginicum  appears  to  be 
allied  to  T.  {Glyptostrohua)  Groenlandieuin,  of  Heer,  wh  icli 
occurs  in  the  Kootanie  beds  of  the  British  Northwest  TeiM^ri- 
tory,  correlated  by  the  Canadian  geologists  with  the  Neo  co« 
mian,  and  Araucarltes  Virginic^is  resembles  Araucaria  f^-^re- 
tacea  Brongn.  from  Nogent-le-Rotrou  in  France,  which  k 
thought  to  be  not  lower  than  Cretaceous. 

There  are  therefore  four  species  common  to  Neocomian  »-»(/ 
Potomac  strata,  and  seven  others  which  are  related  more  or 
less  closely. 

Urgonian  — To  this  epoch  are  referred  the  Kome  beds  of 
Greenlaud,  and  the  Wernsdorf  beds,  lying  chiefly  in  Austrian 
Silesia.  The  rich  flora  of  the  former  was  elaborated  by  Heer, 
and  it  will  be  remembered  that  it  was  here  that  a  single  dico- 
tyledonous plant,  PopuluH  lyrlma'eva  Heer,  was  found  which, 
if  no  mistake  was  made,  was  the  most  ancient  plant  belonging 
to  that  subclass  that  had  been  found  prior  to  the  opening  up  of 
the  Fredericksburg  beds.  This  species  does  not  occur  in  the 
Potomac  flora,  but  five  other  Kome  species  do  occur  there, 
viz:  Gietchenia  Nordenskwldi  Heer.  (though  this  is  some- 
what doubtful),  Sequoia  lieichenhachi  (Gein.)  Heer,  S,  avv- 
higua  Heer,  S,  rhjida  Heer,  and  S.  gracilis  Heer.  Besides 
these  identical  species  there  are  eleven  Potomac  plants  that 
bear  more  or  less  resemblance  to  those  of  Kome. 

The  Wernsdorf  beds  contain  two  species  found  in  Potomac 
strata,  one  of  which,  DioonlU's  BiiohianxiH  Schimper,  does  not 
occur  at  Kome,  and  there  are  four  other  species  of  Potomac 
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nts  that  have  near  relatives  in  that  deposit.  The  Urgoman 
irefore  furnishes  six  identical  and  sixteen  allied  species. 
Gavlt. — The  Cretaceous  deposit  at  Cape  Staratschin,  in 
itzbergen,  which  has  been  referred  to  tne  Gault,  contains 
0  of  Sie  species  that  have  been  enumerated  as  occurring  in 
\  Kome  beds  and  also  in  the  Potomac  formation,  and  also 

0  other  species  which  resemble  Potomac  plants. 
Cenomanian. — The  rich  Cretaceous  flora  of  Atane,  Green- 
d,  so  carefully  worked  up  by  Heer  and  correlated  with  the 
nomanian  of  Europe,  furnishes  six  species  which  have  been 
:ected  in  Potomac  strata,  but  all  but  three  of  these,  Pecop- 
is  socialis  Heer,  Aspidium  Oerstedi  Heer,  and  Sequoia 
higua  Heer,  have  already  been  enumerated  from  the  Kome 
Is  through  which  they  extend  up  into  those  of  Atane.  The 
mber  of  additional  species  witn  which  there  are  related 
tomac  forms  amounts  to  nine,  but  the  relationships  are  in 
ne  cases  quite  distant. 

The  Cenomanian  of  Bohemia  and  Moravia  has  1  identical 
d  6  allied  species,  and  that  of  Saxony  (Niederschona)  2 
mtical  and  3  allied,  but  one  of  the  identical  species  is  the 
me  in  both  and  has  a  wide  range,  while  the  other  also  occurs 
the  Wemsdorf  beds. 

We  thus  have  for  the  Cenomanian  7  identical  and  23  allied 
ecies. 

Dakota  Group. — In  the  Dakota  Group,  which  should  prob- 
ly  also  have  been  classed  as  Cenomanian,  only  two  plants 
3ur  which  are  also  found  in  the  Potomac  formation,  and 
th  of  these  are  found  in  other  localities,  one  of  them  having 
7ery  wide  range  and  distribution.  The  Potomac  Dicotyle- 
18  are  all  specifically,  and  nearly  all  generically,  distinct 
tn  those  of  tne  Dakota  Group,  but  ten  species  are  compared 

1  may  be  related  to  Dakota  forms. 

"fenonian. — Under  this  designation  I  have  grouped  the 
>er  Cretaceous  beds  of  Patoot,  Greenland,  of  the  Peace  and 
^e  River  district  of  the  British  Northwest  Territory,  of 
edlinburg  in  the  Harz,  the  Gosau  beds  of  Tyrol,  the  West- 
ilian  beds,  so  well  worked  by  Hosius  and  V  on  der  Marck, 
I  the  sands  of  Aix-laChapelle.  The  same  species  recur 
2rely  in  these  beds,  Sequoia  Reichenhachi  being  found  in 
m  all.  Five  species  are  common  to  the  Potomac  formation 
1  one  or  more  to  these  localities,  but  all  of  these  are  found 
^Ider  strata.  Nine  Potomac  plants  are  also  compared  and 
haps  related  to  Senonian  species. 

'^<iTamie  Oroup. — Only  one  species,  the  widespread  Sequoia 
''<^henbachiy  is  common  to  the  Potomac  formation  and  Lar- 
^  group,  and  no  further  comparisons  are  made. 
^ce7ie. — The  two  comparisons  made  with  Eocene  plants, 
•   ^ro/ucaria  podocarpoides  with  Podocarpus  incerta  Ett. 
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and  Gard,,  and  Rogersia  longiMia  with  Olowaochlamys  tmih 
mutana  Ett.  and  Gard.,  from  tne  London  clays,  are  too  remote 
to  possess  an;  valne  for  the  present  discnsaion. 

The  relations  of  the  Potomac  flora  to  thoae  of  other  fw- 
mations  may  now  be  sammed  up  Id  tabular  form.  The  It 
identical  and  98  allied  species  are  composed  of  63  crypt^^iiiii^ 
all  bat  2  of  which  are  ferns,  9  cycads,  85  conifers,  and  17  dico- 
tyledons, and  as  the  lower  types  are  somewhat  more  protni- 
nently  represented  in  the  lower  formations  and  the  hiji^  in 
the  higher,  this  relation  may  perhaps  be  beet  shown  in  the  fol- 
lowing form. 


Geological  Formations. 


Eocene 

liiTBrnie  Group. 

SenuniaD 

Dakota  Oroup.. 

CeDomaiiiui 

Oauit __. 

U^go^ia^ 

Neocomian 

"Wealdeo 

KinniaridgiBn  _ 

CorallinD 

Oolite 

liag 

Ithelie 


OoDirere. 
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From  this  exhibit  it  appears  that  no  Jurassic  species  occnn 
in  the  Potomac  formation,  although  it  contains  a  Urge  nnmbef 
of  strongly  Jurassic  types.  Tlie  Wealden  furnishes  the  largest 
nnmber  of  identical  spepies,  the  Cenomaiiian  next,  and  the 
Urgonian  next  Of  allied  species,  althoagh  the  largest  nnm- 
ber occurs  in  the  Oolite,  the  Oenomanian,  Urgonian  and  Weil- 
den,  each  furnish  many.  Taking  the  identical  species  and 
considering  the  Wealden  as  Cretaceous,  the  flora  would  appear 
to  be  decidedly  Cretaceous,  but  if  this  showing  is  considered 
in  the  light  the  Jurassic  types  cast  upon  it,  it  is  diflicult  to  be- 
lieve it  to  be  higher  than  Wealden  or  Neocomian. 

Another  class  of  facts  still  further  strengthen  this  view. 
Leaving  the  allied  species  aside,  and  considering  only  the  iden- 
tical ones,  we  see  that  a  large  nomljer  of  tliese  recur  in  most  of 
the  members  of  the  Cretaceous.  As  already  stated,  there  are 
only  16  identical  species,  while  the  sum  of  those  in  all  the 
formations  as  herepresented  would  be  35.  This  resalto  from . 
their  repetition.     Three  species  are  confined  to  the  Wealdne, 
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iaetum  Lyelli  Mant.,  Pecopteria  Browniana  Dunk., 
'Tiites  abieti/nua  Miqnel,  which  Prof.  Fontaine  treats 
:y  of  Dioonites  Buvhianua  Schimp.  Only  one  epe- 
ilined  to  the  Urgonian,  viz ;  Sequoia  gracilis  Heer, 

two  to  tlie  Cenomanian,  viz :  Pecopteria  aocialia 
I  Aapidium  Oeraledi  Heer,  both  from  the  Atane 
Teenland.  The  remaining  ten  identical  species  range 
snore  than  one  series,  most  of  them  through  several, 
^ee  are  found  in  the  Wealden  and  Neocomian,  viz : 
9ria  ManteUi  Brongn.,  and  Pecopteria  Dtmkeri 
vhich  Prof.  Fontaine  regards  as  -a  true  Aspidium. 
Iden  species,  Dioonites  Buckianua  Schimp,  is  foand 
he  TJi^onian  and  the  Cenomanian,  and  two,  ^keno- 

Kurriantim.  Heer,  and  S.  Stemhergianum  (Dunk.) 
!  found  in  the  Wealden,  Neocomian  and  Senonian. 
ies,  Gleichenia  Nordeiiakidldi  Heer,  occnrs  only  in 
nian  and  the  Dakota  Gtroup;  another.  Sequoia  am- 
er,  only  in  the  Urgonian  ana  Cenomanian  of  Green- 
quoia  rigida  Heer,  occurs  in  the  Urgonian,  Ganlt, 
lan  and  Senonian,  while  Sequoia  Seickenbachi  {Qeia.) 
IS  through  the  Urgonian,  Gault,  Cenomanian,  Dakota 
enonian,  and  is  even  found  in  the  Laramie  Group. 

species  not  already  mentioned  is  Sequoia  atibulata 
ich  is  found  only  in  the  Cenomanian  and  Senonian 
land. 

resulte  can  be  shown  in  tabular  form,  and,  if  the  spe- 
ranged  in  ascending  geological  order  they  will  sttuid 


\,ye\\\Mnnt 

Browniana  IhiiJc. 

uielinus  iliq^ 

B  Mantelli  Brongn 

lunkeri  Schimy.,, 

iuiD  Kurrianiini  fleer,,. 

ium  Sternbergiamim  (Dunk.)  Br. 

iichiBDua  Schimp. 

rilis  fleer. .. 

ligiia  ffrtr. ,. 

ichenbaohl  (Qein  )  Hter 

'Jordenskioldi  Nttr 

ocialifl  Iletr. 

Jerstedi  Hot 

ulatafleir. ___ 
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This  presentation  brings  out  in  a  clear  light  the  valae  of 
these  species  in  determining  the  age  of  the  Potomac  formatioD. 
Just  half  of  them  are  found  in  the  Wealden,  and  all  but  three 
occur  below  the  Cenomanian. 

Two  problems  of  considerable  importance  remain  to  be  con- 
sidered, viz  :  First,  how  much  weight  to  give  to  the  large  num- 
ber of  Jurassic  types  as  indicating  a  Jurassic  age  for  the  form- 
ation, and  secondly,  how  much  to  give  to  theT)icotyledonsa8 
pointing  to  a  middle  Cretaceous  age. 

As  regards  the  first,  we  find  that  eight  ferns,  four  cjeads, 
and  two  conifers  have  representatives  in  tne  Khetic,  which  some 
regard  as  uppermost  Trias ;  four  ferns  and  two  cycads  in  the 
Trias,  or  lower  Jura ;  24  ferns,  two  cycads  and  five  conif^^  in 
the  Oolite,  and  two  ferns  and  eight  conifers  in  the  upper  Jnra 
(Corallian  and  Kimmeridgian).  These  species,  of  course,  over- 
lap and  recur  in  the  different  members  in  the  same  way  as  the 
identical  species  were  shown  to  do,  but  nevertheless  they  pre- 
sent a  strong  case.  For  example,  27  out  of  46  cryptogams,  4 
out  of  7  cycads,  and  11  out  of  28  conifers  have  allies  in  the 
Jurassic ;  that  is,  over  half  of  the  species,  exclusive  of  Dico- 
tyledons, that  admit  of  any  comparison  at  all,  show  aflSnities 
with  Jurassic  and  Rhetic  forms.  And  even.this  does  not  show 
the  full  force  of  the  evidence  of  this  class,  since  there  are  many 
genera,  both  of  ferns  and  conifers,  which  predominate  in  the 
Oolite  and  in  the  Rhetic,  and  are  either  wholly  absent  or  very 
rare  in  the  Cretaceous,  which  yet  have  numerous  represente- 
tives  in  the  Potomac,  and  therefore  all  the  species  of  these 
genera,  whether  they  have  closely  related  species  in  the  Poto- 
mac or  not,  bear  directly  upon  this  point. 

Thus  Cladopblebis  is  represented  by  22  species,  only  14  of 
which  are  related  to  forms  found  elsewhere.  The  genus  fe 
chiefly  Jurassic. 

Thiiinfeldia  is  a  large  Jurassic  genus  ranging  from  the  mid- 
dle Trias,  but  found  also  in  the  Cretaceous  of  Spitzbergen 
and  Greenland.  The  Potomac  species  arc,  however,  Rhetic  in 
type. 

Angiopteridium  has  no  Cretaceous  forms,  and  although  there 
are  two  alleged  Miocene  species,  the  nine  Potomac  forms  are 
strong  lower  Jurassic  and  Khetic  types. 

Thyrsopteris,  leaving  Stur's  Calm  species  out  of  the  account, 
ranges  from  the  Permian  to  the  Malm  of  Portugal,  held  to  be 
brackish-water  Jurassic,  called  Wealden  by  Heer,  but  the  genus 
is  chiefly  Oolitic.     It  is  the  most  abundant  fern  in  the  Poto- 
mac formation,  numbering  forty  species,  only  eight  of  which 
admit  of  specific  comparison  with  forms  previously  known. 
Yet  all  of  these  forty  species  speak  for  the  Jurassic  age  of  the 
deposits  containing  them. 
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pterigium  has  been  heretofore  found  only  in  the  Lias  of 
Its  occurrence  in  the  Potomac,  therefore,  in  so  far 
he  same  conclusion. 

lyphyllum  is  a  well  known  upper  Jurassic  type,  but  is 
s  low  as  the  Muschelkalk  and  as  high  as  the  Neocoraian. 
asional  species  in  the  Cretaceous  would  not  be  consid- 
ange,  but  we  find  stems,  leaves  and  fruits  referable  to 
cies  in  the  Potomac  formation,  all  of  which  are  com- 
to  those  found  in  the  CoralHan  and  Kimmeridgian  de- 
f  France  and  of  Solenhofen  in  Bavarian 
•  cases  might  be  considered,  but  these  will  suflBce  to 
)w  strong  a  Jurassic  facies  the  Potomac  flora  possesses, 
lains  to  consider  the  second  question,  as  to  the  true  sig- 
3  of  the  Dicotyledons.     Their  presence  is  supposed  to 

a  later  age  than  that  denoted  by  the  other  groups  of 

It  was  long  supposed  that  the  upper  Quader  beds  of 
burg  contained  the  earliest  remains  of  plants  of  this 
t  they  were  at  length  found  in  the  considerably  older 
f  Niederschona  in  Saxony.     Since  then  their  occur- 

strata  of  about  the  same  age  in  Bohemia  and  Moravia 
de  known,  and  it  is  the  practice  to  treat  the  so-called 
'retaceous  of  Greenland,  the  Dakota  Group  of  Kansas 
)raska,  and  the  Raritan  clays  of  New  Jersey  as  homo- 
equivalent  to  these  Continental  deposits. 

but  a  single  exception  no  dicotyledonous  plants  had 
md  lower  than  this  horizon  prior  to  the  discovery  of  the 
'ksburg  bed.  This  exception  was  the  occurrence  among 
actions  from  Kome  in  Greenland,  a  deposit  whose  ani- 
lains  are  said  to  fix  its  age  as  Urgonian,  of  a  single 
donous  species,  the  Populus primceva  of  Heer,  all  tne 
lant  remains  from  that  deposit  belonging  to  the  lower 
Although  this  discovery  has  not  been  confirmed  by 
3nt  research,  and  therefore  remains  subject  to  the  doubt 

the  collections  may  nothavie  become  mixed  with  those 
^her  beds  made  and  sent  at  about  the  same  time,  still 
nothing  antecedently  improbable  in  it,  and  it  may  pass 
oned.  It  does  not,  however,  invalidate  the  general 
ion  that  up  to  this  time  the  Ceuomanian  has  furnished 
b  ancient  forms  of  dicotyledonous  plants, 
jannot  now  be  said,  and  we  have  in  the  Potomac  form- 
till  earlier  date  at  which  to  fix  the  observed  origin  of 

of  vegetable  life  which  is  now  the  predominant  one 

\  globe.    What  then  does  this  dicotyledonous  element  in 

»mac  flora  prove  as  to  the  age  of  that  formation  ?     Can 

5  from  its  analogy  with  other  Cretaceous  floras  ?  In  doing 

caution  is  required.     As  compared  with  these  the  Po- 

ora  is  wholly  anomalous  in  this  respect.     In  all  the 

B.  Sol— Third  Series,  Vol.  XXXVI,  No.  212.— August,  1888. 
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others,  with  the  sole  exception  already  mentioned,  instead  of 
those  plants  coming  in  gradually,  as  they  wonld  be  expected  to 
do  if  the  formation  represented  an  age  at  which  their  develop- 
ment was  inchoate,  and  instead  of  presenting  mdimentAry, 
transition,  and  archaic  types  of  that  subclass,  as  such  early  de- 
posits would  naturally  (io,  we  find  them  to  be  the  preyailing, 
sometimes,  as  in  the  Dakota  Group,  almost  the  only  form  of 
plant  life,  and  we  also  find  them  fully  developed,  and  eveD 
when  most  unlike  our  modem  vegetation,  still  exhibiting  all 
the  characters  of  highly  organized  plants  of  their  rank  In 
the  Potomac  formation,  on  the  contrary,  we  find  the  Dicotjk- 
dons  behaving  precisely  as  they  ought  to  behave  in  a  form- 
ation that  represents  an  age  close  down  to  that  at  which  this 
form  of  life  first  made  its  appearance  in  the  geologic  history 
of  the  globe.  We  find  them  to  constitute  the  great  rarities  of 
the  flora,  absent  from  many  of  the  most  productive  beds,  scaree 
at  all  places  in  comparison  with  the  lower  types  of  vegetation, 
strange  and  peculiar  in  character,  so  vague  and  ill-defined  as 
in  some  cases  to  cause  doubts  as  to  whether  they  really  belong 
to  this  group  of  plants,  possessing  features  that  recall  the  ferns, 
Cycads,  Conifers,  and  even  the  Monocotyledons,  and  containing 
comprehensive  types  prophetic  of  many  of  the  now  fully  de- 
veloped families  of  Dicotyledons.  They  therefore  form  jnet 
such  a  homogeneous  ana  undifferentiated  croup  of  plants^ 
combining  in  a  scarcely  distinguishable  way  all  the  elements  of 
the  later  dicotyledonous  flora,  as  we  should  expect  to  find 
existing  during  the  early  history  of  this  type  oi  vegetation. 
They  are  therefore  witt  to  be  regarded  as  anomalous  but  as 
normal,  and  the  anomaly,  if  any  there  be,  exists  in  Cenoman- 
iaii  floras,  where  this  type  occurs  in  such  a  predominant  and 
highly  developed  form. 

In  vit^w  of  thcrtc  facts  1  cannot  accept  the  conclusion  that 
the  di(rotvledonous  element  of  the  Potomac  flora  argues  a  more 
recent  age  than  that  denoted  by  the  other  types.  On  the  con- 
trary, the  immense  difi^erenee  between  this  ana  the  Cenomanian 
floras  clearly  indicates  that  a  vast  period  must  have  been 
required  to  produce  so  great  a  development. 

On  numerous  occasions,  dating  as  far  back  as  1878,*  I  have 
expressed  the  opinion  that  the  Dicotyledons  could  not  have 
had  their  origin  later  than  the  middle  Jura,  and  it  will  not  sur- 

*  Amoricaii  Naturalist,  vol.  xii,  June.  1878.  p.  378;  November,  1878.  p.  734. 
In  a  h'ctiire  rlLlivcn.'U  Kebniary  24,  iss.'i,  at  tlic  National  Museum  on  Plant  life 
of  the  (Jlobe,  past  and  prcsoni  (sec  Seion<.'e.  vol.  i.  May  4.  1883,  p.  358).  Ameri- 
can .lournal  of  Srienco.  tliird  series,  vol.  xxvii,  April,  1884,  p.  302.  Proc.  A.  A. 
A.  S.,  vol  xxxiii.  Philadelphia  Meotinjr,  September,  1884.  p.  497.  Botanical 
Ga7X'tto,  vol.  ix.  Indianapolis,  October  and  Novotjiber.  1884,  p.  174.  Fifth  An- 
nual Report  U.  S.  Oeolot^neal  Survey,  1883-84,  Washington,  1886,  diagram,  pi. 
Iviii,  facing  p.  462. 
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prise  me  if  the  final  verdict  of  science  shall  place  the  Potomac 
formation,  at  least  the  lower  member  in  which  the  plants  occur, 
within  that  geologic  system.  While  the  remaining  types  point 
strongly  in  uiis  direction,  I  do  not  regard  the  Dicotyledons  as 
at  all  negativing,  but  even  more  strongly  suggesting  this  view. 

Still  it  may  be  admitted  that  according  to  the  ordinary  modes 
of  arguing  from  similar  statistics,  the  sum  of  all  the  facts 
here  presented  would  make  the  Potomac,  consideied  from  tlie 
point  of  view  of  the  flora  alone,  homotaxially  equivalent  to  the 
W  ealden  of  England  and  North  Germany,  now  usually  included 
in  the  Cretaceous  system.  If  the  vertebrate  remains  are  Ju- 
rassic and  the  flora  Cretaceous  we  only  have  here  another  con- 
firmation of  a  law  exemplified  in  so  many  other  American  de- 
posits, that,  taking  European  faunas  and  their  correlated  floras  as 
the  standard  of  comparison,  the  plant  life  of  this  country  is  in 
advance  of  the  animal  life.  This  law  has  been  chiefly  observed 
in  onr  Laramie  and  Tertiary  deposits,  but  is  now  known  to  apply 
even  to  Carboniferous  and  Devonian  floras.  It  is  therefore  .to 
be  expected  that  we  shall  find  it  to  prevail  during  the  Mesozoic 
era.  If,  therefore,  it  be  finally  settled  that  the  fauna  of  the 
Potomac  series  is  homotaxially  Jurassic,  and  we  take  our  start- 
ing point  from  Old  World  geology,  there  will  be  no  more  objec- 
tion to  regarding  the  Potomac  flora  as  Jurassic  than  there  is 
now  in  contemplating  the  Laramie  flora  as  Cretaceous.  In 
fact,  so  far  as  the  character  of  the  flora  is  concerned  there  is 
much  less  diflScnlty  in  the  case  of  the  Potomac  than  in  that  of 
the  Laramie,  since  I  have  shown  the  Potomac  flora,  viewed  in 
all  its  bearings,  cannot  be  said  positively  to  negative  the  refer- 
ence of  the  formation  to  the  Jurassic  upon  the  evidence  of  the 
plants  alone. 

I  do  not,  however,  desire  to  be  understood  as  arguing  for 
the  Jurassic  age  of  the  Potomac  formation.  The  most  that  it 
is  intended  to  claim  is  that,  if  the  stratigraphical  relations  and 
the  animal  remains  shall  finally  require  its  reference  to  the 
Jurassic,  the  plants  do  not  present  any  serious  obstacle  to  such 
reference. 


Art.  XIV. — Eeperiments  on  the  Effect  of  Magnetic  Force  on 
the  Equipotential  Ii7ie8  of  an  Electric  Cur  rent;  by  E.  H. 
Hall,  Instructor  in  Physics  at  Harvard  College. 

The  experiments  of  which  the  following  article  will  give 
some  results  have  been  made  in  the  Jefferson  Physical  Labora- 
tory of  Harvard  College  at  occasional  intervals  during  a  period 
of  more  than  three  years.     Some  of  the  results  have  been  an- 
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ticipated  hy  other  investigators.  I  desire  to  thank  the  trastew 
of  the  Bacho  Fund  for  a  liberal  appropriation  which  hafi  been 
of  great  assistance  in  the  prosecution  of  the  work. 

About  four  yeai-fi  ago,  Mr.  Shelford  Bidwell  published  what 
at  tirst  appeared  to  be  an  explanation  of  the  so-called  Hall 
effect  as  being  due  to  a  thermo  electric  current  set  up  between 
strained  and  unstrained  portions  of  the  same  piece  of  metal, 
an  effect  whidi  Thomson  liad  discovered  and  which  was  well 
known.  The  theory  thus  advanced  did  not  stand  the  test  of 
examination,  but  it  appeared  from  a  table  which  Mr.  Bidwell 
gave  that,  at  least,  the  direction  of  the  effect  which  magnetic 
force  exerts  upon  the  equipotential  lines  of  an  electric  current 
in  any  given  metal  could  be  inferred  from  the  sign  of  the 
effect  produced  by  stress  upon  the  thermo-electric  property 
of  the  metal.  Messrs.  Coggeshall  and  W.  A.  Stone,  of  the 
class  of  1886  in  Harvard  College,  working  with  my  coopera- 
tion, contirmed  Mr.  Bidwells  table  in  the  case  of  copper,  iron 
and  zinc,  but  found  exceptions  to  it  in  French  coldroDed 
steel  and  aluminium.  Ko  other  metals  were  examined  bj 
them.  In  all  cases  both  effects  were  tested.  A  note  stating 
most  of  these  facts  was  published  in  Scieiicey  March  27, 1885. 

In  this  Journal  for  February,  1885,  commenting  upon  the 
alleged  reversal  of  the  "  Hall  effect,"  which  Mr.  Bidwell  " 
found  in  a  strip  of  gold  having  two  narrow  longitudinal 
nearly  meeting,  I  ventured  to  predict  the  results  of  experi- 
ments to  be  made  for  testing  the  effect  of  magnetic  force  upon 
the  equipotential  lines  of  an  electric  current  in  strips  of  metal, 
the  forms  of  wliieh  may  be  called  variations  upon  the  tjpe 
used  by  Mr.  Bidwell. 

P'or  these  ex])eriments  I  have  used  untempered  "  French 
cold-rolled  steel."  This  is  described  by  the  dealer  who  fur- 
nishes it  as  "celebrated  for  its  toughness  and  superior  quality 
for  striking  up  in  die  or  presswork."  This  steel  is  procured  in 
the  form  of  ribbons  about  8*^™  wide.  From  such  a  ribbon 
transverse  strips  were  cut  about  21""^  wide  and  in  length  equal 
to  the  width  of  the  ribbon.  They  were  all  about  -j^"""  in 
thickness.  Along  the  middle  of  these  strips  longitudinal  slits 
were  cut,  in  some  strips  one,  and  in  others  two  in  line  separa- 
ted by  a  certain  ii])ace.  (For  illustrative  figures  see  the  article 
mentioned  above.)  As  all  the  results  obtained  with  these  strips 
were  such  as  might  be  expected  from  the  considerations  given 
in  the  article  alluded  to,  and  as  these  considerations  have  not, 
so  far  as  I  am  aware,  become  the  subject  of  criticism,  it  seems 
unnecessary  at  present  to  describe  either  the  apparatus  or  results 
in  detail.     The  experiments  were  made  in  February,  1885. 

Lang  Stnj)  and  Short  Strip, — At  the  Philadelphia  meeting 
of  the  American  Association  in  ISSJ:  I  gave  reasons  for  thinf* 
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that  the  transverse  eflfect  would  prove  to  be  less  marked 
•  the  end  than  in  the  middle  of  a  metal  strip.  Similar  rea- 
I  led  me  to  suppose  that  the  effect  would,  cet  par.^  be  less 
I  short  strip,  iNo.  16,  than  in  a  long  strip,  ifo.  15,  both 
ig  of  R  C.  R.  steel.  Strip  No.  15  was  like  those  already 
;ribed  but  without  any  slit.  Strip  No.  16  was  cut  from 
middle  of  a  strip  like  15  and  was  of  about  the  same 
th,  but  only  11^  or  1*2""  long.  Fearing  that  soldering  con- 
tions  to  the  ends  of  so  short  a  strip  as  No.  16  would  change 
character  of  the  strip  throughout,  I  used  no  solder  with 
J.  15  and  16,  but  made  connection  with  their  ends  bv  means 
itrips  of  lead  pressed  iirmly  down  upon  them  by  means  of 
It  clamps.  For  No.  16  each  of  the  lead  strips  was  made 
at  4^  long  and  as  wide  as  the  steel  in  order  to  give  the 
n  current,  coming  in  from  the  connecting  wires,  oppor- 
ity  to  spread  and  become  parallel  to  the  edges  of  the  strip 
3re  entering  the  steel.  The  part  of  No.  16  not  covered  by 
lead  was  about  5°"^  long.  W  hether  the  space  not  toiichea 
the  lead  was  longer,  cannot  be  ascertained,  but  the  extreme 
^h  possible  was,  as  the  dimensions  already  given  show, 
at  I'l*"".  Lead  was  used  for  making  connections  partly 
luse  its  softness  made  a  good  contact  probable  and  partly 
luse,  lead  showing  very  little  or  no  transverse  action  of  the 
under  examination,  its  use  would  practically  limit  this 
isverse  action  to  the  steel  strip. 

'he  transverse  connections  were  made,  as   with   the  other 

1  strips  mentioned  in  this  article  thus  far,  by  means  of  two 

German-silver  springs,  each  touching  the  et^el  at  one  point. 

'he  considerations  which  led  to  the  experiments  with  15  and 

were  nearly  as  follows :  The  transverse  action,  whatever 

^  be  its  explanation,  makes  the  equipotential  lines  run  ob- 

lely  instead  of  straight  across  the  strip  in  which  it  occurs. 

such  a  strip  were  short  and  were  joined  at  each  end  to 

ther  strip  in   which  the  same  action  does  not  occur,  the 

action  of  the  equipotential  lines  in  each  strip  near  the  junc- 

i  should  be  affected  by  the  proximity  of  the  other  strip, 

bat  lines  in  the  inert  strip  would  not  run  perfectly  straight 

)fes  and  lines  in  the  active  strip  would  run  less  obliquely 

1  they  otherwise  would.     If  a  strip  were  short,  like  No.  16, 

modification  in  the  direction  of  the  lines  might  be  appar- 

throughout  its  whole  length,  so  that  the  transverse  action 

short  strip  might  appear  less  powerful  than  in  a  long  strip.* 

[ay  23,  1885,  Nos.  15  and  16  were  tested.  No.  16  first,  then 

15,  finally  No.  16  again.     These  tests  were  by  no  means 

irate,  but  they  left  no  doubt  that  the  apparent  transverse 

^   also,   upon   this  point,   Ettingshausen  and  Nemst  in  the   Beiblatter  zu 
innal^m  der  Phys,  u.  Chftm.^  Band  xi,  Stiick.  5. 
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effect  was  considerahly  smaller  in  the  short  strip  than  in  the 
long  one,  the  difference  amounting  apparently  to  abont  20  per 
cent. 

Strips  differing  in  Cross-Section. 

Every  experiment  which  bears  upon  the  relation  between  the 
transverse  action  in  a  strip  and  the  magnetic  condition  of  the 
strip  is  of  interest.  Strips  of  any  strongly  magnetic  metal 
under  the  conditions  of  these  experiments  become  the  more 
strongly  magnetized  the  greater  the  ratio  of  the  thickness  to 
the  wndth,  but  with  the  non  magnetic,  or  weakly  magnetic, 
metals,  no  such  variation  is  observable.  It  is,  then,  important 
to  ascertain  wliat  relation  this  ratio  of  thickness  to  width  has 
upon  the  transverse  action  in  magnetic  and  non-magnetic  metak 

Crosses  of  Xorway  iron,  of  cobalt,  of  nickel,  of  silver  and  of 
bismuth  have  been  tested  with  this  object  in  view 

Silver, — From  a  half-dollar  coin  (silver  '9  parts,  copper  1 
part)  two  crosses  were  made,  the  dimensions  of  which  were 
approximately  as  follows . 


W^dth 

Nfain  part. 

Arras. 

Thickness. 

Length. 

mm. 

mm. 

mm. 

tDm. 

N'o.  1 

05 

1-5 

1-02 

25 

No.  2 

0-5 

0-5 

100 

23 

The  smallness  of  visible  effect  in  these  thick  pieces  of  sil- 
ver made  the  comparison  tedious.  The  results  obtained  were 
nearly  as  follows,  correction  being  made  for  the  difference  in 
thickness : 


Date. 

Magueiic  field. 

Effect  in  No.  I. 

Effect  in  No.  2 

Feb.  8  or  0,  18H6 

9,500 

100 

93 

Feb.  l«\  18.MG 

10,000 

100 

100-9 

July  23,  188G 

10,000 

100 

98-7 

The  strength  of  field  is  here  given  roughly  in  absolute 
c.  g.  8.  units.  The  observations  of  the  first  day  were  less 
accurate  and  therefore  are  entitled  to  less  weight  than  those  of 
Feb.  10th'  and  July  23d.  It  appears  safe  to  conclude  that  in 
the  case  of  silver  the  width  of  the  cross  has  no  considerable 
influence  upon  the  transverse  effect.  The  absolute  magnitude 
of  the  R.  P."**"  in  this  metal  appeared  to  be  about  750x10"*. 

where  E  represents  the  total  transverse  electromotive  force  in  c.  pr.  8.  units. 

M  reproReuts  the  intensity  of  tho_  mugnetic  field  in  c.  g.  s.  units. 

C  represents  the  strength  of  the  direct  cnrretit  in  c.  g.  s.  units. 

T  represents  the  thickness  of  the  cross  in  cm. 
In  previous  papers  1  have  not  jriven  the  K.  P's  in  absolute  units,  having  neg- 
lected, as  Professor  Boltzinann  has  surmised  {Anzcig.  d.  Kais  Akad.inWieriy  1886, 
Nr.  X)y  to  change  a  resistance  from  oluns  to  absolute  c.  g.  s.  units.  To  turn  the  R. 
P's  given  in  my  article  of  February,  1885.  into  absolute  c.  g.  s.  units,  it  is  neces- 
sary to  multiply  them  by  1 0*. 
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Norway  iron. — Eight  crosses  of  iron  were  used  in  such 
tests.  Nos.  1,  3, 5  and  7  are  broad ;  Nos.  2, 4,  6  and  8  are  nar- 
row. Nos.  1-4  were  cut  from  one  bar  of  ordinary  Norway 
iron  such  as  blacksmiths  use.  Nos.  5-8  were  cut  from  another 
.bar  of  the  same  kind. 

Of  these  bars  the  ends,  which  had  possibly  been  heated  and 
hammered  more  than  the  other  portions,  were  avoided  in  cut- 
ting out  the  crosses.  The  dimensions  of  the  crosses,  as  given 
below  are  only  roughly  correct. 

Width. 
Main  part.  A 


No.  I 

".Quim 

2 

0-5 

3 

9-5 

4 

0-5 

5 

8-0 

6 

0-5 

7 

9-0 

8 

0-5 

IS. 

n  part^ 

Thickness. 

Main  part 

[near  arms.] 

Length 
Main  part 

• 

Arms, 
each.] 

2-0""' 

o.oAmin 

4()inm 

Amm 

0-5 

2*30 

42 

9 

2  0 

2-86 

43 

4 

0-5 

2-85 

42 

7 

2-0 

0-50 

31 

4 

0-5 

0-48 

30 

9 

20 

3-00 

38 

5 

0-5 

3-00 

33 

9 

Nos.  1  and  2  were  compared  June  18th  and  19th,  1885. 
The  strength  of  magnetic  field  used  is  not  recorded.  The 
comparison,  which  was  very  rough,  gave 

R.  P.  in  narrow  cross      ,  ^ 
'  K.  P.  in  broad  cross 

Nos.  3  and  4  were  compared  in  August,  1885,  in  a  magnetic 
field  the  intensity  of  which  was  about  8000  or  9000  (c.  g.  s.). 
This  test,  which  also  was  rough,  gave 

R.  P.  in  narrow  cross     ,  ^ 

. ___|.Q 

R.  P.  in  broad  cross 

Nos.  5-8  were  tested  Dec.  31st,  1885,  and  Jan.  Ist,  1886. 
The  order  of  trial  on  Dec.  31st  was  Nos.  7,  8,  6,  5,  5,  6,  8,  7. 
The  purpose  of  this  arrangement  was  to  eliminate,  so  far  as 
practicable,  from  the  result  of  the  trial  error  arising  from 
changes  in  certain  factors  of  the  test  during  the  progress  of 
the  experiment,  such  as  a  possible  variation  in  the  sensitiveness 
of  the  astatic  galvanometer  used  to  measure  the  transverse  cur- 
rent or  a  gradual  weakening  of  the  magnetic  field.  An  occa- 
sional observation  of  the  time  of  vibration  of  the  needle  in  the 
astatic  galvanometer  showed  that  no  great  change  was  occur- 
ring in  the  sensitiveness  of  this  instrument.  The  weakening 
of  the  magnetic  field  in  the  coui'se  of  the  day  was  probably 
less  than  10  per  cent.  By  combining  the  two  observations 
made  with  each  cross  four  results  are  obtained  which  should 
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be  nearly  free  from  error  due  to  such  changes.  These  r^ts 
are  ^ven  below  in  numbers  which  are  merely  relative,  the 
smallest  being  made  1Cm.>. 

Strip.  R.  P.  on  arbitnirr  scale.  Mean. 

No.  5 


100+  ) 

\uo—  s 


5 

6  153*4    } 

6  155-3    S 

7  (see  below)  131       ) 

7  154       s 
S  3 

8  328- 


tl8-3    i 
128-1    1 


100 
154-3 
142-5 
323-2 


The  intensity  of  the  magnetic  field  in  these  experiments  wm 
probably  between  ooOo  and  6000  (c.  g.  s.).  A  rough  test  in- 
dicated "^th  at  the  R.  P.  of  Xo.  5  was  about  9000xl0-«. 

The  two  tests  witli  Xo.  5,  which  came  close  together  in  tirae 
agree  best.  Next  in  agreement  come  the  tests  with  No.  6, 
next  those  with  No.  8,  and  finally  the  two  trials  of  Na  7, 
which  came  farthest  apart  in  time,  are  widely  divergent  in 
results.  The  divergence  here  is  so  great  that  a  new  compari- 
son of  Nos.  7  and  8  was  made  the  next  day,  the  magnetic 
field  being  kept  for  tliis  purpose  about  the  same  as  on  Dec 
31st,  although  later  in  the  day  a  stronger  field  was  used.  This 
comparison  gave 

H.  P.  of  No.  8  1075  323 


or 


R.  P.  of  No.  7   "~    5no'         152" 
The  mean  of  this  result  and  that  of  Dec.  31st  gives 

R.  P.  of  No.  8  _   323 
H.Pr(TN<7.  7   ~   Ul 

in  a  magnetic  field  of  about  6000  (c.  g.  s.). 

Tlie  infiuence  of  the  shape  of  the  specimen  examined  is  quite 
evident  in  all  the  experiments  upon  Norway  iron  thus  far 
described.  The  most  imjxjrtant  part  of  a  cross  is,  no  doubt, 
the  region  made  uj)  of  the  bases  of  the  arms  and  the  portion  of 
the  main  strip  between  and  near  the  arms.  This  region  may 
be  called  the  f'fcdivc  itorthnt  of  the  cross.  All  these  experi- 
ments ni)on  Norway  iron  sliow  that  a  cross  of  this  metal  in 
which  the  effective  portion  has  the  ratio  thickness-^  icidih  com- 
paratively large,  sliows  a  comparatively  large  R.  P.  This  fact 
iH  brought  out  in  a  particularly  interesting  manner  by  the  ex- 
periments of  Dec  31st  and  Jan.  1st,  just  described.  Prom  the 
dimensions  already  given  it  is  evident  that  \\\^T^i^^othicknem'r 
width,,  is  least  in  No.  5  and  greatest  in  No.  8.  In  No.  7  it  is 
greater  than  in  No.  5  and  in  No.  f»  greater  than  in  No.  7. 
Accordingly  we  are  prepared  to  find,  and  do  find,  that  the 
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P.  is  smallest  in  No.  5,  larger  in  No.  7,  still  larger  in  No. 
and  largest  in  No.  8.* 

[n  the  test  already  described  the  E.  P.  of  No.  8  was,  in  fact, 
•ee  times  as  great  as  that  of  No.  5,  and  as  the  latter  was 
ite  strongly  magnetized,  it  seemed  not  unlikely  that  No.  8 
fi  in  a  condition  approaching  what  is  called  the  state  of 
tgnetic  saturation,  ti  this  were  the  case.  No.  8  probably 
►uld,  when  placed  in  a  stronger  magnetic  field  than  tnat  usea 
5C.  31st,  suffer  a  diminution  of  its  K.  P.,  while  Nos.  5,  6  and 
Aould  show  less  or  no  diminution  of  this  sort  under  similar 
cumstances.  Accordingly  on  Jan.  1st,  48  cells,  6  abreast, 
tre  used  in  the  magnet  circuit,  the  number  used  the  day 
fore  having  been  80,  6  abreast.  This  brought  the  magnetic 
Id  up  to  about  7000.  The  four  crosses  were  then  tested 
jentially  as  on  Dec.  21st,  the  order  being  as  before,  Nos.  7, 
6,  5,  5,  6,  8,  7.  The  numbers  given  by  this  trial,  like  those 
tained  Dec  31st,  are  only  comparative.  They  do  not  repre- 
it  the  absohite  values  of  the  R.  P's,  and  for  convenience 
ey  have  been  reduced  to  such  a  scale  as  to  give  No.  5  the 
ne  representative  number  that  it  had  in  the  results  of 
3C.  31st. 

Results  of  Jan.  1st,  1886,  with  magnetic  field  about  7100 
g.  8.) :— 

R.  P.  on  arbitrary  scale.  Mean. 

No.  6  ^^J  I  100 


7  »J  J  146 


On  comparing  these  figures  with  those  given  above,  it 
pears  that  the  relative  standing  of  Nos.  5,  6  and  7  was 
ected  very  slightly,  by  going  from  the  weaker  to  the  stronger 
ignetic  field,  but  No.  8  shows  a  great  falling  off.  So  great, 
fact,  was  this  charge  in  No.  8,  tliat  the  observations  made 
this  time  did  not  clearly  show  whether  the  magnetic  field  of 
>ut  7100  produced  upon  the  equipotential  lines  of  the  elec- 
5  current  in  this  cross  an  effect  greater  or  less  than  that 
►duced  by  a  field  of  less  than  6000.  But  experiments  made 
g.  3d,  1886,  with  the  same  cross  indicate  that  a  field  of 
500  produces  an  effect  one  or  two  per  cent  greater  than  a 
d  of  8000. 

The  results  obtained  with  No.  7  were  so  variable  on  these  two  days  that  its 
>e  amonf]^  the  others  cannot  be  assig^ied  with  confidence.  Later  experiments 
'©  its  R.  P.  relatively  larger. 
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On  Jan.  7th,  1888,  Nos.  5,  6  and  8,  were  tested  in  a  field  of 
about  3800.  The  relative  sizes  of  tlie  R.  P's  in  this  field  are 
represented  by  the  following  numbers,  no  one  of  which  is 
probably  in  error  more  than  5  per  cent  of  itself : — 

For  No.  6 100 

6 158 

8 436 

It  will  be  seen  that  the  relative  standing  of  Nos.  5  and  6  ie 
not  seriously  changed,  although  No.  6  gams  a  little  as  was  to 
be  expected.     No.  8  makes  a  large  gain. 

K  m  the  results  of  these  tests,  we  look  for  something  more 
than  the  general  influence  of  shape  upon  transverse  effect,  and 
inquire  whether  the  relative  intensity  of  magnetization  in  each 
cross  corresponds  accurately  to  the  relative  magnitude  of  the 
R.  P.  therein,  we  find  it  impossible  to  determme  exactly  the 
intensity  of  magnetization  in  the  several  crosses,  as  they  do 
not  closely  resemble  any  of  the  forms  for  which  accurate  cal- 
culation has  been  made.  It  may  be  worth  while,  however,  to 
note  what  are  the  results  of  calculation  in  the  case  of  certain 
typical  forms. 

We  find  in  Maxwell,  Art.  400,  that  in  general 

^=  (l-h4;rK)  H (I) 

where  B  is  the  intensity  of  "  magnetic  induction  through  the 
the  body,"  11  the  "  magnetic  force "  ("  polar  definition ") 
within  tne  body  and  x  is  Neumann's  coefficient,  a  quantity 
which  Maxwell  supposed  to  be  about  80  for  soft  iron,  but 
which  Rowland  has  found  to  be  at  times  much  greater  than 
that  in  Norway  iron. 

Letting  H  represent  the  magnetic  force  directly  due  to  the 
poles  of  the  electro-magnet,  we  find  from  Maxwell,  Art.  438, 
that  in  a  cylinder  placed  between  these  poles  so  as  to  become 
magnetized  transversely  this  relation  holds 

H-VL-'lnkH.ox  H--^^%— (2) 

From  (1)  and  (2)  we  find 

y;=H;4f  ^ (3) 

For  ordinary  values  of  x  we  find  apj)roximately  for  this  cylinder 

B=2\L 

In  case  of  a  sphere  we  find 

7y= approximately  3  II. 
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In  a  thin  disk  magnetized  longitudinally,  i.  e.  in  a  direction 
normal  to  the  faces,  the  law  is  jff=H.  The  effectme  portion  of 
cross  No.  5  is  fairly  well  represented  by  such  a  disk,  and  we 
shall  assume  that  with  this  cross  B  was  nearly  equal  to  H. 

In  case  of  a  disk  magnetized  transversely^  i.  e.  parallel  to  its 
faces,  the  diameter  being  to  the  length  as  6  to  1, 

^= approximately  8  H. 

As  the  thickness  of  cross  ]So.  8  was  about  3°°"  and  as  the  width 
of  the  main  part  was  in  general  about  0*5°"°,  it  might  be 
thought  that  this  cross  presented  a  case  similar  to  this  latter 
disk,  but  it  must  be  remembered  that  the  effectiA^e  portion  in- 
cluded the  bases  of  the  arms.  It  is  likely,  too,  that  both  the 
main  part  and  the  arms  were  somewhat  more  than  0*5°^  wide 
at  the  junction.  The  case  lies,  probably,  between  that  of  the 
disk  magnetized  transversely  and  that  of  the  sphere,  but  nearer 
that  of  the  sphere.  It  seems  not  unlikely  then,  that  in  a  field 
of  moderate  strength,  such  as  would  not  bring  cither  cross  near 
to  the  condition  of  "saturation,"  No  8  might  become  four  or 
five  times  as  strongly  magnetized  as  No.  5.  It  will  be  remem- 
bered that  in  the  experiments  of  Jan.  7th,  with  a  field  of 
moderate  intensity  the  E.  P.  of  No.  8  was  about  4rJ  times  as 
great  as  that  of  Jso.  5. 

The  primary  object  of  these  experiments  was  to  obtain  new 
evidence  bearing  upon  the  question  whetlier  the  transverse 
effect  studied  is  due  to  a  distortion  of  the  cross  as  a  whole 
under  the  combined  action  of  the  ordinary  "  pondero-motive 
force,"  as  Mr.  Bidwell  and,  doubtless,  others  have  supposed,  or 
to  some  internal  interaction,  which  for  want  of  a  better  term 
may  be  called  molecular^  of  the  magnetic  and  electric  states  of 
the  conductor.  The  results  obtained  lend  no. support  to  the 
former  of  these  two  hypotheses,  but  they  are  in  complete  accord 
with  the  latter,  which  must,  I  think,  be  regarded  as  established. 

Wishing  to  study  still  further  the  connection  between  the 
internal  magnetic  condition  of  iron  and  the  transverse  effect  in 
it,  I  have  made  recently  a  series  of  experiments  comparing  the 
behavior  of  the  two  broad  crosses  Nos.  5  and  7.  Instead  of 
depending  here  upon  a  calculation  of  the  ratio  of  the  magnetic 
inductions  in  the  two,  I  have  tried  to  measure  this  rouglily  by 
a  method  which  I  will  describe  somewhat  fully,  as  I  shall 
probably  make  use  of  it  in  future  experiments.  A  loop 
of  thin  well-covered  wire  (the  diameter  to  outside  of  covering 
being  about  0'25"^)  was  placed  flat  upon  each  of  these  crosses 
between  the  arms»  was  pressed  well  down  and  secured  in  place 
and  shape  with  the  usual  cement  of  beeswax  and  rosin.  Each 
of  these  loops  was  somewhat  elliptical  in  shape,  that  on  No.  5 
being  about  7'4"°'  wide  and  12*4"°'  long,  and  the  one  on  No.  7 
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about  8™"  wide  and  12°^  long.,  In  each  case  the  ehortest 
diameter  reached  nearly  from  arm  to  arm.  Care  was  taken  to 
prevent  either  loop  from  overhanging  the  edge  of  the  cross  at 
any  point.  The  loops  were  made  as  equal  circles  by  winding 
them  upon  a  cylinder  about  1"*"  in  diameter.  They  must  have 
had  nearly  equal  areas  in  their  final  forms.  After  somewhat 
careful  measurements  the  final  area  of  each  was  estimated  at 
0"78  so.  cm.  This  estimate  may  be  wrong  by  several  per  cent 
for  either  or  both  loops. 

The  plan  was  to  put  in  turn  Nos.  6  and  7  between  the  poles 
of  the  electromtignet  and  compare,  by  means  of  a  ballistic 
galvanometer,  tlie  induction  currents  produced  in  the  loops  by 
suddenly  reversing  the  direction  of  tne  magnetic  field.  It  is 
believed  that  the  ratio  of  these  two  induction  currents  does  not 
differ  many  per  cent  from  the  ratio  which  the  intensity  of 
magnetic  induction  through  the  effective  portion  of  one  cross 
bears  to  tliat  through  the  effective  portion  of  the  other  croes. 

Comparisons  were  also  made  between  the  induction  cur- 
rents obtained  with  each  loop  and  those  obtained  with  a  coil  of 
four  circular  turns  having  a  total  area  about  5*24  sq.  cm,  this 
latter  coil  being  the  one  used  to  determine  thie  strength  of  the 
field  when  no  magnetic  metal  was  between  the  poles.  This 
coil  will  be  called  tlie  test-coil.  Its  ordinary  nse  was  not  to 
remain  between  tlie  poles  and  give  an  induction-current  upon 
reverstil  of  the  magnet  current,  but  to  be  withdrawn  suddenly 
from  the  field  while  the  magnet  remained  in  full  force.  This 
latter  use  is  of  course  the  better  one  when  it  can  be  employed, 
for  it  cannot  always  be  assumed  that  the  visible  induction 
effect  obtained  by  reversal  will  indic4ite  the  true  change  of 
strength  of  the  field.  As  this  particular  matter  had  to  he 
investigated  with  some  care,  I  will  give  the  results,  altbougb 
the  following  table  does  not  attempt  great  accuracy. 

M  =  intensity  of  field  in  c.  g.  s.  units. 
fl  =swing  of  needle  on  pulling  test-coil  out  of  field. 
I )=  swing  of  needle  on   reversing  magnet  current,  test-coil 
remaining  between  poles. 


M 

d 

2xrf 

D 

'2,^00 

0''-G44 

l°-29 

l°-lfi 

4H()0 

1  -.'^5 

2-70 

2-43 

8000 

2-52 

5-04 

4-87 

8100 

2-32 

4-64 

4-38 

850n 

2-43 

4-86 

4-60 

8700 

2-51 

5-02 

4-83 

0200 

2-01 

5-22 

5-1. J 

0JO(. 

2*04 

r>-28 

5-20 

9-250 

2-02 

5-24 

5-14 

9700 

2-82 

5-64 

5-54 

Equipotential  Lines  of  an  Electric  Current,  141 

The  first  three  of  these  comparisons  were  carefully  made ; 
3  others  less  carefully.  In  the  second  the  electro-magnet 
is  worked  by  a  battery  current.  In  all  the  others  the  cur- 
it  came  from  a  Gramme  dynamo.  The  coil  was  always 
thdrawn  from  the  field  very  briskly  on  the  end  of  a  lever 
lich  carried  it  three  or  four  feet  away  from  the  magnet, 
le  reversal  was  effected  by  means  of  a  mercury  commutator, 
lich  was  worked  by  pulling  a  string  and  probably  turned  in 

Juarter  of  a  second  or  less.  The  time  of  a  single  swing  of  the 
listic  needle  from  one  elongation  to  the  next  was  small,  not 
uch  more  than  three  seconds.  The  discrepancy  between  the 
«ults  of  the  two  methods  when  comparatively  weak  fields  are 
Bed  is  very  great,  about  10  per  cent.  The  difference  dimin- 
hes  as  stronger  and  stronger  fields  are  used,  and  in  fields  above 
000  appears  to  be  not  greater  than  2  per  cent.  Direct  com- 
arisons  of  the  two  methods  were  not  made  in  fields  much 
roDger  than  those  given  in  the  table.  Indirect  comparisons 
ade  in  a  field  about  12,000  and  in  another  about  16,000  indi- 
te that  the  difference  continues  to  decrease  as  the  field  in- 
eases  in  strength. 

It  has  been  already  stated,  that  the  loops  on  the  iron  crosses 
and  7  gave  their  induction  currents  by  remaining  between 
e  poles  when  the  magnet  current  was  reversed.  The  indica- 
>ri8  which  they  gave  were  therefore  subject  to  a  correction  in 
der  to  make  them  comparable  with  those  given  by  the  test- 
il  upon  sudden  withdrawal  from  the  magnetic  field.  In  the 
suits  to  be  given  this  correction  will  be  applied  in  accordance 
ith  the  indications  of  the  table  above.  It  will  be  assumed 
^at  the  proper  correction  in  the  strongest  fields  used  is  1  per 
jnt. 
The  main  object  of  the  whole  series  of  experiments  being 

>  test  the  relation  between  the  magnetic  induction  through 
le  crosses  and  the  transverse  effect  m  them,  it  was  desirable 

►  get  the  induction  current  from  the  loop  as  nearly  as  possi- 
te  simultaneously  with  the  measurement  of  the  transverse 
iiTent  from  the  arms  of  the  cross.  This  latter  current  was 
^asured  by  a  series  of  upadings  of  an  astatic  galvanometer, 
^^  magnet  current  being  reversed  after  each  reading.  At 
''^ry  such  reversal,  the  swing  of  the  ballistic  needle  due  to  the 
Auction  current  from  the  loop  of  wire  was  noted,  so  that 
®  two  series  of  observations,  one  upon  the  transverse  effect, 
®  other  upon  the  induction,  were  carried  on  at  the  same 
"^e.  To  avoid  error  due  to  direct  action*  of  the  electromag- 
^  Upon  the  ballistic  and  the  astatic  galvanometers,  or  to  in- 
^tion  in  parts  of  the  ballistic  galvanometer  circuit  which 

When  the  magnet  was  strongest  its  direct  action  upon  the  astatic  galvanom- 
^  about  140  feet  distant  was  very  important. 
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were  not  intended  to  be  subject  to  such  induction,  a  complete 
determination  with  any  particular  strength  of  ma^etic  field 
required  two  sets  of  observations,  one  made  with  the  croes 
facing  east  (the  axis  of  the  magnet  being  nearly  east  and 
west),  the  other  made  with  the  cross  facmg  west,  all  elec- 
trical connections  being  the  same  throughout  the  two  sets  apd 
the  condition  of  the  ballistic  and  the  astatic  galvanometers  re- 
maining, as  nearly  as  practicable,  unchanged. 

When  magnet  currents  of  moderate  strength,  e,  ^.,  7  or  8 
Amperes,  were  used,  two  complementary  sets  were  usually 
made  with  an  interval  of  not  more  than  5  or  10  minutes  be- 
tween them,  and  in  such  cases  the  strength  of  the  field  was 
not  measured  by  means  of  the  test-coU  until  the  observations 
with  the  cross  were  finished.     When  the  strongest  currents 
were  used  the  magnet  became  heated  rapidly,  and    thermo- 
electric effects  in  the  astatic  galvanometer  circuit  soon  began 
to  show.     In  these  cases  three  observations  of  the  astatic  gal- 
vanometer, right,  left,  right,  or  left,  right,  left,  as  the  case 
might  be,  the  readings  being  1^  minutes  apart,  were  all  that 
could   profitably   be  made  on   the   transverse  current.     The 
strength  of  field  was  then  taken  with  the  test-coil,  but  by  the 
time  this  had  been  done,  the  magnet  had  become  so  hot  that 
the  complementary  set  of  observations  with  the  cross  faced 
about  could   not  be  made  until   several    hours  had  passed. 
When  the  second  set  was  made  the  strength  of  the  field  was 
measured   again.     The   magnet   current  was   closely  watched 
by  means  of  an  ammeter.     This  made  possible  certain  correc- 
tions and  reductions  required  by  the  fact  that  this  current  and 
hence  the  magnetic  field  could  not  be  kept  perfectly  constant. 
It  appeared  that  when  the  currents  were  strongest  it  required 
about  4  per  cent  increase  in  current  to  produce  an  increase  of 
1  per  cent  in  the  strength  of  field.     A  field  of  8000  was  in- 
creased about  0*6  per  cent  by  an  increase  of  1  per  cent  in  the 
strength  of   the  current.     A  Gramme  dynamo  supplied  the 
current 

The  temperature  of  the  crosses  during  the  experiments  is  a 
matter  of  some  doubt.  The  poles  of  the  magnet  have  been 
about  7"""  a))art  in  all  observations  with  crosses  5  and  7, 
since  June  1,  1888.  Xo.  7,  with  the  glass  upon  which  it  is 
mounted  and  the  wax  in  which  it  is  imbedded,  makes  a  mass 
which  nearly  fills  the  space  between  the  poles.  No.  5,  with 
its  mounting,  is  considerably  thinner,  rfeither  cross  could 
possibly  come  into  actual  contact  with  the  poles.  A  few  turns 
of  coarse  thread  were  wound  around  the  plates  to  prevent  or 
impair  contact  between  the  glass  and  the  pole  and  so  to  im- 
pede the  flow  of  heat  from  pole  to  cross.  The  crosses,  even 
with  the  electric  current  which  each  was  transmitting,  prob- 
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ably  became  heated  much  more  slowly  than  a  thermometer 
which  was  kept  in  the  bore  of  the  electromagnet.  This  ther- 
mometer rose  usually  about  5°  Centigrade  during  one  set  of 
observations  on  the  transverse  current  when  the  strongest  mag- 
netic fields  were  used.  If  it  be  assumed  that  each  of  the 
crosses  rose  in  temperature  one-half  as  fast  as  this  thermome- 
ter, the  conclusion  is  that  the  mean  temperature  of  the  cross 
during  such  a  set  of  observations  was  not  more  than  one  or 
two  centigrade  degrees  above  its  temperature  at  the  beginning. 
This  initial  temperature  was  probably  known  within  one  or 
two  degrees  usually.  According  to  experiments  with  other 
specimens  of  iron  and  steel,*  a  change  of  two  degrees  in  tem- 
perature should  cause  a  change  of  about  1  per  cent  in  the 
transverse  effect  in  the  crosses  It  is  improbable  that  our  con- 
clusions will  be  seriously  affected  by  the  uncertainty  as  to 
temperature. 

The  sensitiveness  of  the  astatic  galvanometer  was  another 
variable.  This  was  determined  three  times  in  connection  with 
this  series  of  experiments  by  passing  a  known  current  through 
thegalvanometer  and  noting  the  deflection  produced. 

Tne  results  found  were : 

Sensitiveness. 

June    4th       .         .         .         .        100 
June  13th  .         .  101*4 

June  20th       ....        1026 

In  the  meantime  the  galvanometer  was  not  touched,  so  far 
as  I  am  aware,  by  anyone  but  myself  and  I  made  no  intentional 
changes  in  its  condition.  In  making  reductions  it  will  be 
assumed  that  its  change  of  sensitiveness  was  uniform  from  one 
date  to  the  next.  This  may  leave  room  for  an  error  of  1  or 
2  per  cent  at  some  points. 

Kough  observations  of  the  temperature  of  the  astatic  gal- 
vanometer circuit  were  made  in  order  to  correct  for  changes 
of  resistance  in  this  circuit 

A  rough  preliminary  series  of  experiments  was  made,  be- 
ginning with  fields  of  moderate  strength  and  proceeding  to 
stronger  and  stronger  ones,  but  the  troublesome  charac- 
ter of  the  investigation  and  the  pressure  of  other  work 
have  made  it  necessary  to  limit  the  more  careful  and  thorough 
study  to  the  very  strongest  fields  and  to  those  of  medium 
Btrength.  Even  with  this  limitation  the  results  reached  are 
not  in  all  respects  harmonious  and  satisfactory.  The  data  are 
given  below  in  some  detail  in  order  to  show  the  scope  of  the 
corrections  and  reductions  which  has^e  been  made. 

In  the  tables  below — 

♦  This  Journal,  Feb.,  1885. 
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A  =  mean  reading  of  ammeter  during  observations  *on  transverse 
current.  These  readings  may  for  our  purpose. be  consid- 
ered as  giving  the  strength  of  the  magnet  current  in  am- 
peres.    This  probably  understates  the  current  somewhat 

A'  =  same  during  measurement  of  intensity  of  magnetic  field 
by  means  of  test-coil. 

R  =  change  of  reading  on  scale  <^f  ballistic  galvanometer  pro- 
duced by  induction  current  from  loop  on  cross.  The  num- 
ber of  such  divisions  corresponding  to  1°  of  actual  deflection 
is  about  3*6. 

M.  F.  =  same  produced  by  induction  current  from  test-coil  on 
being  pulled  out  from  magnetic  field.  These  readings  re- 
duced to  correspond  with  E.  I.  at  7.6  and  then  multiplied  by 
1000  give  approximately  the  intensity  of  the  magnetic  field 
in  absolute^  c.  g.  s.  units. 

E.  I.  =  same  produced  by  earth  inductor  in  circuit  with  test-coil 
and  loop  on  cross. 

D  =  movement  from  extreme  to  extreme  of  spot  of  light  on 
scale  of  astatic  galvanometer  used  to  measure  transverse 
current  from  cross.  1®  actual  deflection  =  about  3 '6  divi- 
sions on  this  scale. 

6  z=  reading  of  tangent  galvanometer  measuring  direct  current 
through  cross.  Reduction  factor  of  this  galvanometer  = 
about  0*3.     Hence  direct  current  =  about  2  amperes. 

t  =  temperature  of  astatic  galvanometer  circuit. 

t'  =  temperature  of  cross. 

No.  5. 

A         R  D  e  E.  I.       M.  F.         A'     <     i' 

June  4,  1888  *  j  2475     5-05     9-255     35**  46'       758       16*47       2375  27    30 
June  5.  \  26-30     465     8770     36*'  37'       756       16-83       2550  27    22 

Mean. 

June  8. 
June  8. 

Mean.  248       495     901       36°  26'       7-70       1627       23-6    29    24 

Reducing  the  two  means  to  uniform  conditions  by  methods 
self-evident  or  already  indicated,  we  find 

A  R  D  e  E.  L       M.  F.      A'        <     ^^ 

June  4  and  6.        25  4*84     906       36°  7  60       16*18    '25       25    28 

June  8.  25 489     9-22       36"  760       16*20       26        26__28 

Mean.  T5  4'87"  9~14       36**  7  60       16^5         '25        25    28 

No.  7. 

A  R  D  e  E.  I.       M.  F.       A'       <     «' 

June  4.  (25-2       684     1955     36°  47'       768       1652     23  35  24"  24* 

June  5.  \  25-1       6  66     1975     37°  67'       768       16-65     24-03  29°  ^ 

Mean.  25-15     670     1-970     37°  22'       •r68'~"r6-69     23-69  26^1^ 

June  7.  j  23-92     6-35     2-05       37"  25'       7*74       16-54     23-50  29    26 

June  7.  {  24-4       6-36     1-70       37°  13'       782       16-64     23-60  30   ^ 

Mean.  24-16     636     1-875     37"  19'       7-^8       16*59     23-65  29^^^ 

*  The  ■{  embraces  complementarj  sets. 


I 


25-5 

j  24-4 
1  251 

4-85 

4-96 
4-93 

901 

8-71 
9-30 

36°  12' 

36°  23' 
36"  28' 

7-57 

7*70 
7*70 

16-65 

16-27 
16-27 

24-6 

23-2 
24D 

27    26 

29    20 
29J28 

Equipotential  Lines  of  an  Electric  Current.  145 


June  11. 

24-97 
24-95 

700 

1-985     36** 

23' 

7-84 

16-39 

23-80 

27     25 

June  11. 

6*82 

1-625     36** 

46' 

7-86 

16-57 

24-27 

28i  28i 

Mean. 

24-96 

6-91 

1-805     36° 

34' 

7-85 

1648 

2403 

28     27 

Redacing 

the  three  means  to  uniform  conditions 

we  find 

A 

R 

D        e 

E.I. 

M.  F. 

A' 

i       f 

June  4  and  5. 

25 

6-62 

1-886     36' 

7-60 

16-6 

25 

25     28 

June  7. 

25 

6-26 

1-825     36" 

7-60 

16-5 

25 

25     28 

June  11. 

25 

6-69 

1-778     36*' 

7-60 

16-1 

25 

25     28 

Mean. 

25 

6-52 

1-86       36" 

7-60 

16-4 

25 

25     28 

The  observations  made  with  weaker  magnetic  fields  will  be 
given  with  somewhat  less  detail : 


No.  5. 


June  14. 

A 
8.21 

R 
.2-81 

D         e 

5  00       35*  13' 

E.  I. 
7-75 

M.  F. 
9-44 

A' 

8-22 

t 
28 

/' 
27 

Reduced. 

8-33 

2-80 

6'20       36"  0' 

7-60 

9-38 

8-33 

25 

28 

June  14. 
Jime  14. 

8  37 
8-20 

4-72 
4-63 

No.  7. 

1-377     36"  23' 
1-442     36"  1' 

7-83 
7-80 

9-51 
9-41 

8-3 
8-12 

28 
28 

23 
31 

Reduced  mean 

.  8-33 

4-57 

1-J09     36" 
No.  5. 

7-60 

9-34 

833 

26 

28 

June  18. 

7-34 

263 

4-86       34"  28' 

7-84 

8-76' 

7-15 

31 

32 

Reduced. 

7-25 

2-53 

4-98       36" 

7-60 

8-56 

7-25 

25 

28" 

June  18. 
June  18. 

7-72 
6-74 

451 
4-11 

No.  7. 

1-337     35"  9' 
1-332     35"  13' 

7-85 
7-85 

9  02 
8-35 

7-55 
6-52 

31" 
31" 

29* 
^36" 

Reduced  mean.  7-25      4-18     1*349     36"  0'        760        857       725  25"    28' 

In  the  above  tables  no  corrections  have  been  applied  with 
reference  to  the  facts,  already  discussed,  that  the  test-coil  is 
not  used  in  just  the  same  manner  as  the  loops  on  the  crosses, 
or  to  the  further  fact  that  the  readings  of  the  ballistic  galva- 
nometer scale  are  proportional  to  the  tangent  of  twice  the  de- 
flection instead  of  being  proportional  to  the  sine  of  one-half 
the  deflection.  In  the  table  which  follows,  and  which  is  in 
the  main  derived  from  those  going  before,  corrections  are  ap- 
plied with  these  points  in  view. 

No.  6. 


D  X  (thickness 
of  cross) 

Int.  of  mag. 
field. 

280xlO-« 
278  X 10-* 
292  xlO* 

R  (cor- 
rected) 

2  xarea 
of  loop. 

315 
1-83 
1-69 

M.  F.  (cor-      Mag.  ind. 
rectod)           in  cross 

D  X  (thickness 
of  cross) 

Int  of  mag. 
field. 

16,350 
9,360 
8,540 

Area  of  test-     Mag.  ind. 
coil.             of  field. 

-f-      312       -       1-01 
4-       1-79       =       1-02 
-^       1-63       =       104 

R  (cor- 
rected). 

-929 

*^^M  928 
-947  f  '^^^ 

4,900  (July  3,*88 :  no  obaervations  on  tr'nsv'rse  curront.)l  '02 
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No.  7. 


16,250         343xl0-» 

4-22 

-*- 

310 

^s 

1-36 

-848 

9,320         454x10  • 

2-99 

-*- 

1-78 

= 

1-68 

•907 

8,550         473  X  10-» 

2-79 

• 

1-63 

^ 

1-71 

.931 

4,900  (July  3.) 

.... 

• 

1-76 

«K     V    «    W 

919 


The  last  column  shows  that  with  fields  of  medium  strength 
the  relatively  greater  transverse  effect  in  the  thick  cross  corre- 
sponds closely  to  the  more  intense  magnetic  induction  through 
tnis  cross. 

The  difference  between  the  second  and  third  values  for  No. 
5  in  this  column,  and  also  that  between  the  second  and  third 
values  for  No.  7,  must  be  regarded  as  mainly  accidental,  a 
fact  which  shows  the  need  of  caution  in  drawing  numerical 
conclusions  from  this  series  of  results.  It  appears,  however, 
that  the  transverse  effect  in  the  thin  cross,  No.  5,  maintains 
a  nearly  constant  ratio  to  the  magnetic  induction  through  the 
same  when  the  magnetizing  field  is  increased  from  about 
9000  to  more  than  16,000 ;  but  that  with  a  similar  increase 
of  magnetizing  field  the  transverse  effect  in  the  thick  cross, 
which  attains  an  extremely  high  degree  of  magnetization,  does 
not  increase  enough  to  maintain  unchanged  its  ratio  to  the 
magnetic  induction  through  the  cross. 

(To  be  contiDued.) 


Art.  XV. — Analyses  of  the  Waters  of  some  Americwii  AUcdi 

Lakes;  by  Thomas  M.  Chatard. 

In  the  course  of  the  geological   examination,  by  the  TJ.  8. 
Geological   Survey,  of  the  Great  Basin  or  country  lying  be- 
tween the  Kocky  Mountains  and   the  Sierra  Nevada,  samples 
of  the  waters  of  most  of  the  lakes  of  that  section  were  collected 
and  sent  for  analysis  to  the  laboratory  of  the  Survey.    Many 
of  these  analyses  were  published  in  Bulletin  No.  9,  U.  S.  Geol. 
Survey,  but  when  I  began  a  special  study  of  the  more  import- 
ant sources  of  natural  alkalies,  for  the  purpose  of  preparing 
the  way  for  their  practical  utilization,  a  re-examination  was,  in 
some  cases,  deemed  advisable  and  samples  were  also  obtained 
from  Owen's  Lake,  California,   a  locality  not  visited  by  the 
Great  Basin  party. 

The  four  analyses  here  given  represent  the  most  important 
alkali  lakes  so  far  known  and  as  the  waters  of  two  of  them  are 
now  being  utilized,  it  is  believed  that  the  information  will 
prove  of  interest. 

The  analytical  methods  used  are,  in  general,  well  known. 
The  carbonic  anhydride  was,  in  all  cases,  determii^ed  by  dis- 


T.  M,  ChMard — Analyses  of  Alkali  Lake  Waters,      147 

tillation,  being  collected  and  weighed  in  a  potash  bulb.  For 
the  boric  acid,  in  the  water  of  Owen's  Lake,  the  excellent 
method  of  Gooch*  was  followed  ;  for  the  Mono  and  Ragtown 
waters  the  process  of  Stromejer,  with  modifications  of  my 
own,  was  used,  but,  though  giving  very  fair  results,  the  pro- 
cess cannot  be  compared  for  ease,  simplicity  and  accuracy  with 
the  former  method. 

The  determination  of  the  alkalies  in  such  very  dense  waters 
was,  at  first,  found  to  be  difficult,  owing  to  the  large  quanti- 
ties necessarily  taken.  To  get  determinations  which  shall  be 
fairly  accurate  when  referred  to  a 'liter,  portions  of  not  less 
than  50  c.c.  should  be  taken,  the  water  in  all  cases  being  care- 
fully weighed.  The  amount  of  alkaline  chlorides  correspond- 
ing to  60  c.c.  of  such  waters  is  very  large,  and,  when  the  final 
evaporations  are  being  made,  there  is  great  liability  to  loss, 
owing  to  the  formation  of  a  salt  crust  on  the  surface  of  the 
liquid  and  subsequent  spirting  caused  by  steam  and  ammonia 
vapor  produced  under  the  crust.  This  takes  place  no  matter 
how  carefully  the  evaporation  be  carried  on,  and  many  deter- 
minations were  thus  lost. 

The  use  of  hydrochloric  acid  enables  us,  however,  to  com- 
pletely obviate  this  difficulty.  The  purified  alkaline  chlorides 
are  to  be  evaporated  till  crystallization  begins ;  the  platinum 
vessel  is  then  removed  from  the  water  bath  and  an  equal  bulk 
of  very  pure,  highly  concentrated  hydrochloric  acid  added  to  the 
solution.  A  copious  precipitation  of  finely  granular  salts  at 
once  ensues,  ana,  on  replacing  the  vessel  on  the  water  bath, 
evaporation  goes  on  quietly  and  rapidly,  no  salt  crust  is  formed, 
and  when  the  final  heating  is  given,  little  decrepitation  occurs. 
In  this  manner,  it  is  as  easy  to  handle  several  grams  of  chlo- 
rides and  to  obtain  accurate  determinations  as  it  is  when  we 
have  to  deal  with  the  far  smaller  quantities  usual  in  mineral 
analysis. 

Of  the  four  lakes  to  be  considered,  the  most  northern  one  is 
Abert  Lake,  in  south-eastern  Oregon.  The  sample  analysed 
was  "  collected  by  H.  T.  Biddle  at  middle  of  west  side  of  lake, 
one  foot  below  surface,  30-40  feet  from  shore,  September, 
1887."  The  total  quantity  at  my  disposal  was  about  200  c.c, 
an  amount  too  small  for  any  extended  research,  but  sufficient 
for  all  practical  purposes.  For  each  deteraiination,  25  c.c.  = 
25*7792  grams  were  taken. 

Specific  Gravity,  103117  at  19.8°. 

*  Gooch,  Proc.  Am.  Acad.  Sci.,  1886,  p.  167. 
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I 


Contents  In  ] 

Bex. 

In  1  liter. 

Per  cent. 

Hxpothdleal 

Fweei 

A. 

B. 

Arermce. 

Gomponitlon. 

SiO, 

•0063 

•0053 

•00580 

•232 

•59 

SiO,               -232 

•59 

K 

•0133 

•0136 

•01345 

'536 

1-37 

KCl             1-027 

2'«2 

Na 

•3674 

•3671 

•36725 

14690 

37.51 

NaCl        21-380 

54-58 

SO, 

•0148 

•0146 

•01470 

•588 

150 

Na,SO«       1050 

2^68 

0 

•0030 

•0029 

•00295 

•118 

•30 

Na,CO,     10  611 

27  09 

CO, 

•1756 

•1757 

•17660 

7-024 

17  93 

NaHCO,     4-872 

12^44 

0 

•0615 

0616 

•06155 

2-462 

6-28 

39-172 

100-00 

CI 

•3365 

•3366 

•33655 

13  462 

34-67 

H 

•058 

•15 

• 

39172 

10000 

Proceeding  southwardly,  we  have  next  the  *^  Biff  Soda  Lake" 
near  Ragtown,  Churchill  Co.,  Nevada.  This,  with  the  adjoin- 
ing **  Little  Soda  Lake,"  has  been  very  fully  described  by 
King*  and  by  Kus8ell,f  and  my  own  ot^rvations,  during  my 
short  stay  at  this  place,  were  confined  to  the  technical  aspects 
of  the  manufacture  of  carbonate  of  soda,  which  is  carried  on 
at  both  lakes. 

The  sample  of  the  water  of  the  "  Big  Lake,"  of  which  the 
analysis  is  here  given,  was  collected  by  Mr.  Russell  in  1881, 
and  was  taken  at  the  depth  of  one  foot.  The  analysis  was 
made  in  1884  and  was  published  in  Bulletin  No.  9,  TJ.  S.  (JeoL 
Survey,  the  CO,  being  then  determined  by  difference.  Since 
then  it  has  been  carefully  determined  in  duplicate,  with  the 
following  resnlts. 

Specific  Gravity,  1-0995  at  19*8°. 


In  1  Liter. 

Per  cent. 

Hypothet.  Compositloii. 

Percenl. 

SiO, 

•304 

•24 

SiOa 

•304 

•24 

Mg 

•270 

•21 

M^O, 

•862 

•67 

K 

2-520 

1-95 

KCl 

4^8  n 

373 

Na 

45-840 

3553 

NaCI 

71-507 

55-42 

B4O, 

•314 

-24 

Na,S04 

19-170. 

14-86 

SO4 

12  960 

10^05 

Na4B407 

•402 

•31 

CO, 

20^934 

16-23 

Na^CO, 

16  731 

1297 

CI 
II 

45-690 
*1A1 

35-41 
•14 

NaHCO, 

15220 

11  80 

XI. 

10  L 

12913 

10000 

129^013 

100-00 

Mono  Lake,  Mono  Co.,  California,  is  next  in  succession. 
This  locality  is  described  at  length  by  Mr.  I.  C.  Kussell  in  his 
pa])er,  "  The  Quaternary  History  of  Mono  Valley,  California," 
which  will  shortly  appear  in  the  8th  Annual  Report  of  the 
U.  S.  Geological  Survey ;  for  the  present  it  snmces  to  say 
that  this  large  body  of  water,  of  a  composition  so  favorable  to 
utilization,  is,  for  practical  purposes,  inaccessible,  and  that  the 
high  altitude  and  consequent  shortness  of  the  evaporating  sea- 

*  King,  Claronoe,  U.  S.  Geol.  Expl.  40th  Parallel,  vol.  i.  pp.  510-513. 
f  Russell,  r.  C.f  Geological  History  of  Lake  Lahontan,  U.  S,  Geological  Suirey. 
lionographs  XL 
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eon  would,  under  any  circumstances,  render  the  success  of  any 
industry  established  there  very  doubtful. 

The  sample  analyzed  was  collected  by  Mr.  Russell  in  1882 
and  was  taken  at  the  depth  of  one  foot,  on  east  side  of  lake. 

Specific  gravity,  1*045  at  15*5°. 


In  1  Liter. 

Per  cent. 

• 

Hypothet.  Compoiltlon. 

Per  cent, 

SiOa                '0100 

•12 

SiOa 

-0700 

•13 

K                   -9614 

1-79 

(AUFea)O, 

•0030 

•006 

Na            19*6853 

36-81 

CaCOs 

-0500 

-09 

Ca                  0200 

•037 

MgCO, 

•1928 

•36 

Mg                 0551 

.10 

Na4B407 

•2071 

•39 

(AlaFea)O,    -0030 

•006 

KCl 

1-8365 

3-44 

SO4             6-6720 

12-480 

NaCl 

18-5033 

34^60 

CO,           13-6903 

2561 

Na,S04 

9-8690 

18-45 

B4O7              -1600 

•30 

Na,CO, 

18-3556 

•  34-33 

CI               12-1036 

22-64 

XaHCO, 

43856 

8-20 

H                   0522 

•10 

• 

534729 

100-00 

534729 

10000 

Finally,  at  the  southern  end  of  the  series,  we  have  Owen's 
Lake,  Inyo  Co.,  California.  This  lake  has  been  described  by 
Oscar  Loew  in  Wheeler's  Report  for  18T6,  pages  189-194,  and 
upon  it  most  of  my  field  work  for  1886  and  1887  has  been  dona 
Its  greatest  dimensions,  as  given  by  Loew,  are  seventeen  miles 
long  by  nine  miles  wide,  its  greatest  depth  fifty-one  feet,  and 
it  contains,  according  to  his  calculation,  22,000,000  tons  of 
carbonate  of  soda.  The  Inyo  Development  Co.  has  begun  the 
manufacture  of  soda  at  this  point  and  to  it  I  am  indebted  for 
every  needed  facility  for  making  observations  on  the  evapora- 
tion of  the  water  and  on  the  various  salts  obtained  by  its  frac- 
tional crystallization.  These  products,  together  with  others 
since  obtained,  are  under  examination  and  the  results  will  be 
published  later. 

The  sample  analyzed  was  taken  by  myself,  Sept.  17,  1886. 
Portions  of  100  c.c.  were  taken  for  each  determination,  the 
duplicates  agreeing  very  closely. 

Specific  gravity,  1062  at  25°. 


In  1  Liter. 

Per  cent. 

Hypothet.  Composition. 

Per  cer 

SlOa 

•220 

-28 

SiOa 

•220 

•28 

K 

1-644 

213 

(AUFe2)0s 

•038   I 
-055   j" 

•13 

Na 

28-500 

36-96 

(CaMpiCOa 

Ca 

•014 

-02 

Na4B407 

-475 

•63 

Mg 

•005 



KCl 

3-137 

4-07 

Fe,Oa 

•014 

•02 

NaCl 

29-415 

38-16 

AUO, 

•024 

-03 

NaaSO* 

11-080 

14-38 

SO4 

7-505 

9-73 

NftaCOa 

26-963 

3495 

B4OT 

•367 

•49 

NaHCOa 

5-716 

7-40 

CO, 
CI 

IQ-^QR 

2516 
2509 

1  a  itoo 

19344 

77098 

100-00 

H 

•063 

•10 

• 

77  098 

10000 
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In  comparing  such  analyses,  to  determine  the  practical  valne 
of  a  given  water  for  soda  making,  the  relation  of  the  amount 
of  sulphate  to  the  total  amount  oi  carbonate  is  of  the  greatest 
importance,  since  the  greater  the  relative  amount  of  sulphate, 
the  more  diflBcult  it  will  be  to  obtain  a  high  grade  carbonate  by 
simple  solar  evaporation.  If  this  relative  amount  is  small,  a 
large  excess  of  chlorides  mav  be  present  without  materially 
complicating  the  process.  1* he  relation  between  the  mono- 
carbonate  and  the  bicarbonate  should,  for  best  results,  be  a 
molecule  of  each  plus  an  excess  of  monocarbonate.  The 
amount  of  necessary  excess  is  not  yet  accurately  determined 
but  is  probably  under  a  molecule.  Judged  by  this  standard, 
the  water  'of  Abert  Lake  is  the  best,  Kagtown  the  worst,  of 
those  here  considered,  while  Owen's  Lake,  occupying  a  middle 
position  as  regards  purity, 'is,  owing  to  its  geographical  position 
and  climatic  environment,  probably  the  one  best  adapted  for 
practical  utilization. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.    On    the    MolecHlar  weight   of  Nitrogen   peroxide. — Vapor 
density  methods  a])poar  incapable  of  establishing  definitely  the 
molecular  constitution  of  nitrogen  peroxide,  although  rendering 
it  probable  that  at  low  temperatures  this  substance  is  represented 
by  the  formula  N^O^.     Ramsay  has  therefore  applied  to  this  ques- 
tion a  method  founded  upon  the  researches  of  liaoult,  which  have 
]>roved  that  the  dej)ression  of  the  freezing  point  of  a  liquid  caused 
by  the  presence  of  dissolved  liquid  or  solid  is  proportional  to  the 
absolute  amount  of  substance  dissolved  and  inversely  proportional 
to  its  molecular  weiglit.     Raoult  found  the  law  to  hold  almost 
utiiversally,  the  exceptions  being  very  few.     Thus  using  glacial 
acetic  acid  as  the  solvent,  he  found  that  out  of  150  siibstances 
examined,  scarcely  hall  a  dozen  gave  abnormal    results.    Ram- 
say's apparatus  consisted  of  a  wide  test  tube  closed  with  a  rubber 
cork,   having  two  holes,  through  one  of   which    a   thermometer 
passes  and  through  the  other  a  glass  tube  in  which  plays  a  stirrer. 
The  apparatus  is  placed  in  a  beaker,  and  by  adding  hot  or  cold 
water,  its  temperature  may  be  raised  above  or  de])ressed  below 
the  freezing  point  of  the  solvent.      In    a   first  experiment  41'^^ 
grams  of  glacial  acetic  acid  were  weighed  into  the  apparatus,  ^^ 
melting  point  being  16'0S()°.     A  small  bulb  of  nitrogen  peroxide^ 
containing   0*378   gram,  was  then  broken  in  the  acetic  acid  V? 
means  of  the  stirrer,  and  the  melting  j)oint  again  observed.      *• 
was  found  to  be  16*300°,  having  been  lowered  0*380°.     Hence  ^^ 
per  cent  of  the  peroxide  would  have  lowered  the  melting  p< 


Chendsi/ry  and  Physics.  151 

t214°.  Since  0-4214°  X  94-6=39,  the  constant  obtained  by 
loalt  for  acetic  acid,  it  follows  that  the  molecular  weight  of  the 
roxide  from  this  experiment  is  94-6.  A  second  quantity  of 
>085  gram  peroxide  was  then  crushed  in  the  apparatus  and  low- 
jd  the  melting  point  to  15-825°;  corresponding  to  the  molecular 
ight  98-58.  Other  determinations  gave  92-11,  92*07,  93-18, 
'29.  In  a  second  .experiment  40-05  grams  of  acetic  acid,  melting 
16-675°,  had  its  melting  point  lowered  to  15-768°  by  0-893 
im  of  the  peroxide;  corresponding  to  a  molecular  weight  of 
87.  Hence  the  author  concludes  that  the  molecular  weight  of 
rogen  peroxide  in  the  liquid  state  at  about  16°  is  92  and  that 
formula  is  N,0^.  Moreover  since,  in  the  above  experiments, 
relative  number  of  molecules  of  the  peroxide  in  a  given  vol- 
e  of  acetic  acid  was  decreased  from  8*97  to  0*92  without 
nging  its  molecular  weight  it  would  appear  that  no  dissociation 
ttie  peroxide  takes  place  on  dilution.  Experiments  with  nitro- 
trioxide,  made  by  passing  NO  through  N^O^  dissolved  in 
t-ic  acid  gave  no  reliable  results  since  at  16°  the  trioxide  was 
^ociated. — J,  Chem.  /Soc,  liii,  621,  June,  1888.  g.  f.  b. 

•  Index  of  refraction  of  metals, — A.  Kundt  gives  a  brief  ac- 
'^t  of  his  method  of  making  metallic  prisms  of  extremely 
U  angle,  which  allow  light  to  pass  through.  Most  of  the  me- 
G  prisms  were  deposited  by  electrolysis  upon  platinized  glass. 
accomplish  this  it  was  necessary  to  obtain  a  homogeneous  and 
'e  surface  of  platinized  glass.  After  many  trials  Kundt  suc- 
ked in  fusing  with  the  glass,  at  a  low  red  heat,  the  platinum 
*"•  Vertically  over  a  strip  of  this  platinized  glass,  which  was 
©d  horizontally,  is  an  electrode  of  the  metal  which  is  to  be 
^sited  upon  the  platinum.  This  electrode  makes  a  small  angle 
^  the  horizontal  surface  and  includes  a  capillary  layer  of  a  suit- 
electrolyte.  Frequently  fifty  or  more  trials  have  to  be  made 
^i"©  a  suitable  transparent  wedge  of  the  metal  is  formed  which 
l>e  used  to  refract  light.  The  prisms  were  also  formed  by 
^siiig  a  glass  plate  to  platinum  wire  raised  to  a  white  heat  by 
lectrical  current.  The  glass  becomes  covercfd  with  a  layer  of 
y  divided  platinum.  In  order  to  form  the  wedge-shaped  sur- 
a  piece  of  platinum  foil  0-015'°'°  thick,  6'°'°  broad  and  about 
**  long  was  placed  with  the  broad  sides  vertical  closely  over 
^Hzontal  glass  |flatc.  In  this  way  a  double  wedge  is  formed 
«e  glass,  consisting  of  a  mixture  of  platinum  oxide  and  plati- 
^<»      By  slight  warming,   the   mixture   can  be  converted  into 

-  platinum.     These  metallic  wedges  were  also   formed   in    a 
'lUm   by  the  above  process,  with  very  small  angle  of  prism. 

Simple  expression   for   index  of  refraction  is  N=:  — ^,  in 

ph  N  is  index  of  refraction,  6  is  angle  of  prism  and  a  the 

Nation  of  the  ray.     These  small  quantities  were  measured  by 

xnicrometer  of  a  Meyerstein  spectrometer.     Various   control 

'hods  were  employed   to   secure   accuracy   of   measurement. 

-  velocity  of  light  in  silver  is  nearly  four  times  greater  than 
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m  a  vacanm.  The  dLfpersion  in  silyer  is  howerer  not  n^reat  The 
Telocity  in  gold  and  copper  vi  also  greater  thao  in  a  Taconm,  and 
the  dispersion  normal.  In  other  metals  the  dispersion  was  found 
to  be  abnormal.  The  theoretical  eonclosions  of  Beer  and  Voigt 
in  so  far  agree  with  the  resalts  of  Kandt  to  a  renuurloible  degree. 
If  we  call  the  Telocity  of  light  in  silTer  100,  we  haTe  the  fol- 
lowinsr : 
SiTer.  <3oI*t  Coptser.  PUkdnsm.  Iron.  SrdaA.  Bianntfa. 
100  71  60  15*3  U-9  12-4  10-3 

With  the  exception  of  bismath,  this  series  is  the  same  as  thit 
of  the  electrical  resistance  of  metals.  The  number  for  copper 
howcTer  is  somewhat  small  and  may  be  dae  to  imparity.  The 
ratio  of  the  heat  cond action  and  electrical  resistance  of  bismntli 
is  still  in  question.  Fn^m  the  above  numbers  one  is  tempted  to 
conclude  that  the  electrical  resistance  is  |»^portional  to  tlie 
TelocitT  of  lieht  of  sreat  wave  lenorth.  We  haTe  here  a  relation 
between  electricity — condaction  of  heat  and  Telocity  of  light— 
Knndt  is  tempted  to  believe  that  the  slowness  of  heat  conduction 
in  metals  is  dne  to  the  radiation  from  one  layer  to  the  adjoining, 
whereas  the  radiation  itself  in  metals  has  the  velocity  of  light 
What  we  call  electricity  moves  in  a  eondnetor  with  the  velocity 
of  Wght.—'Ann.  der  Phynk  und  Ch^rnie^  pp.  469-489,  Xa  7,  1888. 

J.  T. 

3.  Il^.*i$tan*^  of  i^*iart  b*.in  to  Torfion. — T.  L  Dewab  calls 
attention  to  an  error  which  has  cre[it  into  various  articles,  including 
Prof.  Ewing'son  the  Steam  Engine  in  the  Encyclop^ia  Brittanica, 
Sir  William  Tliomsor/s  ani^-le  on  elasticity  in  the  same  encyelopie- 
dia, Thomson  and  Tait's  Natunil  PhiM-^^'phy,  and  Minchen^s Statics. 
The  moment  oX  rt-si^tanoe  of  a  s^jaare  Nar  to  torsion  is  given  by 
Saint  Venant  as  0-2S1  fh*  where  r  =  maximun  intensitv  of  stres* 
and  /4=side  of  square.  Saint  Venant  nive*  the  correct  formoli 
afterward  as  o-jtivi  r7,\  ••It  s-eni<  strange  that  the  talented 
author  of  the  expre^-iive  «li<tinolioii>.  strain  ami  stress,  should  him- 
self have  taken  the  formuia  :"or  ti»e  strain  instead  of  that  for  the 
stro<<.''  At  the  time  ho  wrote  however  strain  and  stress  were  sup- 
pi-ksed  to  he  proj-ortional  to  each  other. — yatur^,  p.  1:!6,  JuneT, 
ISS^.  J.  T. 

4.  L*iftft  ht'it  of  t^-'T/^-  n'ti't*  "f  11' ''r A — Hegnault's  experi- 
ment«»  were  made  at  temv'eratiire>  al-ox  e  «•'  and  he  obtained  a  lorin- 
nla  which  ]c«l  tt>  tie  value  '"7  ur.i> 'l  ht-at.  the  latent  heat  of 
evaporation  at  ♦•'.  Dr.  Diet  kru  i.  i»y  t'LO  use  of  an  ice  calorimeter 
has  made  a  «^irect  tletermiuati  'ii  "t"  \\  \<  (.•.•instant,  and  has  obtained 
the  value  500-4  thenna!  units  at  '•". — J\'/'"a.  p.  143,  June  7, 18SS. 

J.  T. 

5.  I\U*'tr'''f*jsU  '•»/  o'trnk'ttiffi  c*/  *;*'  •?>'  :'f  £Uctri*yiVj, — M.H- 
Maxeuvkier  an.]  J.  Chapphs  sh.w  that  the  size  of  the  elec- 
trodes exercises  a  irnai  iutluviioe  in  :'r:e  t'!ecirolvsis  bv  alteni*t- 
ing  currents.  Willi  currents  ol*  2  >••  to  -^oO  volts  and  4  to  5  Am- 
peres, no  trace  of  ek-cirolysis  can  be  -liscovered  with  eleclrodes^ 
of  OM  -  in  diameter  and  4  -  to  5     in  leniiih.     If  one  howeversub- 
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tutes  in  the  same  voltameter  some  very  fine  electrodes  there  is 
abundant  disengagement  of  gases.  The  authors  give  various 
amples  to  show  that  electrolysis  by  alternating  currents  is  dif- 
'ent  from  that  by  continuous  currents.  By  a  suitable  choice  of 
ictrolyte,  an  alternating  current  can  be  measured  by  a  volta- 
Bter. —  Comptes  JRendvs,  p.  1719,  June  18,  1888.  j.  t. 

6.  Electro-chemical  Radiophone, — Chapebon  and  Mbrcadisr 
Qploy  a  galvanic  cell  composed  of  one  plate  of  silver  coated  by 
ectrolysis  of  sulphide  of  sodium  with  a  very  thin  layer  of  sul- 
bide  of  silver,  and  another  plate  of  silver.  Both  plates  are 
laced  in  a  liquid  condactory  water  acidulated  with  sulphuric  acid, 
)r  instance.  The  cell  possesses  a  very  feeble  electromotive  force. 
t  polarizes  very  rapidly  and  gives  rise  to  variable  instantaneous 
arrents  under  the  action  of  very  feeble  light.  By  means  of  a  ra- 
iophonic  wheel  an  intermittent  beam  of  light  corresponding  to  a 
)De  of  1000  vibrations  was  allowed  to  fall  on  the  cell,  and  the 
ote  was  heard  in  a  telephone  enclosed  in  the  circuit.  This  note 
'as  due  to  an  electrochemical  effect,  the  duration  of  which  was 
!88  than  fitJS  ^^  ^  second. —  Comptes  Rendus^  No.  23,  p.  1595. 
UDe4,  1888.  J.  T. 

11.    Geology  and  Mineralogy. 

1.  On  the  Black  Hills  of  Dakota  ;  by  Prof.  W.  O.  Crosby.— 
^  paper  in  the  Proceedings  of  the  Boston  Society  of  Natural 
listory  for  March  7,  1888  (p.  488),  describes  the  rocks  of  the 
51ack  Hills,  and  shows  that  the  great  granite  masses,  which  occur 
a  the  western  portion  of  the  Archaean  area,  consist  really  of  vein 
;ranite.  This  is  shown  by  their  position  and  coarseness  of 
exture.  lie  makes  also  the  important  observation  that  the  high 
onical  masses  of  rhyolyte  and  trachyte  of  the  northern  end  of 
he  Black  Hills,  described  by  Prof.  Henry  Newton,  are  true  lacco- 
itha.  Speaking  of  the  Paleozoic  rocks  he  remarks  on  the  perfect 
onformability  of  the  Carboniferous  beds  on  the  Cambrian  with 
^hich  they  are  in  contact,  the  intervening  Silurian  and  Devonian 
<?ing  absent.  The  unconformability  of  the  Cambrian  on  the 
Archaean  is  to  be  seen  at  all  contacts. 

2.  Annual  Report  of  the  Geological  Survey  of  Pennsylvania 
^  1886. — Parts  H  and  III  of  this  report  have  been  issued.  Part 
^  treats  of  the  Oil  and  Gas  llegion,  and  contains  the  detailed 
port  of  Mr.  J.  F.  Carll,  covering  over  20(i  pages  and  also  a  paper 
\tbe  Chemical  Composition  of  Natural  Gas  by  Prof.  F.  C. 
fillips.     The  gas  of  Fredonia,  N.  Y.,  was  found  to  contain  90-05 

c.  of  hydrocarbons  of  the  paraffin  series  (in  which  methane 
^dominates},  9*54  nitrogen  and  0*41  carbon  dioxide.  This  is  about 
^  average  of  the  results  obtained.  But  the  Murrysville  gas,  a 
*'y  productive  well,  afforded  97-'70  of  paraffins  and  only  2*02 
'^Ogen,  and  0*28  CO, ;  while  the  Houston  gas,  from  a  well  two 
^^S  south  of  Canonsburg,  Pa.,  atiorded  84-26  paraffins,  15*30  of 
'^ogen  and  0*44  CO,. 
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Part  III  consists  of  the  Report  of  Mr.  Frank  A.  Hill  on  the 
Anthracite  Coal  Regions. 

3.  Geological  aiia  Scientific  Bulletin,  Published  by  the  Texas 
State  Geological  and  Scientific  Association,  at  Houston,  Texas. 
(Fifty  cents  per  annum). — No.  2  of  this  new  Geological  publica- 
tion bearing  the  date  of  June  2,  1 888,  is  a  four-paged  folio.  It  con- 
tains geological  communications  on  Texas  and  Arkansas  by  Mr. 
R.  T.  Hill  and  others,  besides  papers  bearing  on  the  mining  in- 
dustry of  Texas.  The  region  is  to  be  surveyed  under  State 
auspices,  and  the  paper  will  announce  results  as  they  may  be 
developed  and  also  rej>ort  on  observations  in  other  departments  of 
science.  The  survey  has  been  put  under  the  direction  of  the 
Commissioner  of  Insurance,  Statistics  and  History,  and  by  him 
the  geologists  will  be  appointed.  An  appropriation  of  $15,000 
has  been  already  made. 

4.  The  Genealogical  Tree. — Prof.  J.  W.  Judd,  in  his  excellent 
Anniversary  Address  of  February  last  before  the  Geological  Soci- 
ety of  London,  has  the  following  wise  remark:  "One of  the  most 
mischievous  weeds  that  have  accompanied  the  evolutionist  in  his 
incursions  into  various  parts  of  the  biological  field  is  the  prepos- 
terous *  genealogical  tree.'  We  can  scarcely  turn  over  the  leaves 
of  a  modern  systematic  work  without  finding  it  flourishing  in  full 
luxuriance.  No  sooner  has  the  student  of  a  particular  group  ar- 
ranged his  families,  genera,  and  species,  than  he  thinks  it  incom- 
bent  upon  him  to  show  their  genetic  relations.  Very  admirably 
has  Professor  Alexander  Agassiz  pointed  out  the  utter  fatuity  of 
such  a  proceeding.  As  Lyell  used  to  say,  in  speaking  of  siich 
proceedings,  the  imagination  of  the  systematist,  untramelled  by 
an  acquaintance  with  the  past  history  of  the  group,  *  revels  with 
all  tlu'  freedom  characteristic  of  motion  in  vacuo,"*  If  for 
no  other  reason,  zoologists  and  botanists  ought  to  study  fossil 
forms  in  order  that,  by  encountering  a  few  hard  facts  in  the  shape 
of  fossils,  they  may  be  saved  from  these  unprofitable  flights  of 
the  imagination." 

5.  Estudo  sohre  os  Bilohites  e  ontros  Fosseis  das  Quartzit4S  da 
Base  do  systema  Sihirico  de  Portugal,  Supplement ;  by  J.  F.  N. 
Deujado,  Director  of  the  Geological  Survey  of  Portugal.  76  pp. 
4to,  with  9  plates. — This  supplementary  report  by  Prof.  Delgado 
consists  largely  of  a  reply  to  the  criticisms  of  M.  Nathorst  in  his 
report  on  the  same  subject  of  1887,  but  contains  also  descriptions 
and  figures  of  new  kinds.  The  plates  are  phototypes,  and  repre- 
sent some  remarkably  fine  and  large  forms ;  they  appear  to  sus- 
tain the  author's  conclusions  as  to  their  vegetable  origin.  The 
last  two  plates  represent  large  species  having  the  markings 
of  Arthrophiicun  Harlani  of  Hall,  making  this  genus  (if  not  the 
species)  of  much  earlier  date  than  known  from  the  American 
rocks.  Prof.  Delgado  names  them  A.  7/(^/r/ani,  although  much 
larger  than  the  American  species. 

0.  British  Petrography  with,  special  reference  to  the  Igneom 
Bocks/  by  J.  J.  Harris  Teall,  M.A.,  F.G.S.     451  pp.  4to,  with 
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ates.  London,  1888  (Dulau  &  Co.,  Soho  Square). — The  nu- 
U8  active  workers  in  English  petrography,  among  whom  the 
DF  of  the  present  work  is  included,  have  shown  that  a  re- 
:ably  wide  range  of  igneous  rocks   is  included  in   the  con- 

of  Great  Britain.  To  give  a  complete  and  systematic  ac- 
t  of  these,  within  the  compass  of  a  single  volume,  is  a  seri- 
iask,  but  one  which  the  author  has  accomplished  in  an  admir- 
manner.  A  minute  personal  knowledge  of  the  rocks  them- 
58,  and  wide  reading  of  the  literature  of  the  subject  abroad, 
equipped  him  well  for  the  work.  The  opening  chapters  are 
ted  to  a  general  statement  as  to  the  forms  taken  by  the 
titnents  of  igneous  rocks,  and  to  a  discussion  of  the  chemical 
physical  characters  of  the  rocks.  The  author  wisely  regards 
8,  not  so  much  from   a  narrow  mineralogical  point  of  view, 

reference  only  to  the  minerals  of  which  they  are  composed, 
more  broadly  with  regard  to  their  general  chemical  composi- 
He  also  »*hows  independence  in  cutting  loose  from  the  age 
rion  as  a  fundamental  basis  for  classification  and  nomencla- 
He  insists  strongly  upon  the  distinction  between  the  basic 
acidic  members  of  the  rock  series.  In  this  connection  he 
hasizes  the  effect  of  crystallization  on  an  igneous  magma  to 
?ase  the  relative  amount  of  silica  and  alkalies,  and  further  in 
alkalies  to  increase  the  potash  relatively  to  the  soda.  He 
,es  here  a  series  of  analyses, 'from  widely  different  sources, 
ging  out  these  facts  and  refers  to  the  work  of  Rosenbusch  as 
ving  that  they  are  confirmed  by  microscopic  examination, 
he  classification  adopted  divides  the  rocks  into  a  series  of  groups 
ing  from  the  basic  to  the  acidic,  according  to  the  chief  min- 

constituents  present;  further,  under  each  group  the  distinc- 

in   structure    between   "(/ra?/i7/o"  and   ^'^trachytic  texture" 
is  a  basis  of  further  subdivision. 

he  first  group  includes  the  so-called  ultra-basic  rocks,  that  is, 
e  made  up  of  olivine  alone,  or  with  some  form  of  pyroxene  or 
hibole  without  feldspar.  The  basic  group  follows,  the  rocks 
acterized  by  plagioclase  with  olivine,  pyroxene,  amphibole 
biotite.  This  passes  through  the  rocks  of  intermediate  com- 
tion  to  the  third  group  characterized  by  the  presence  of  or- 
;lase  with  the  various  other  minerals  named.  The  rocks  con- 
ing nephelite  and  leucite  follow  and  then  certain  forms 
easily  included  in  the  preceding  divisions.  The  glassy  and 
mental  rocks  close  the  series.  Under  each  group  a  general 
mary  is  given  of  the  constituent  minerals  and  of  the  rocks  as 
'  appear  elsewhere ;  in  this  portion  of  the  work  the  author 
vs  a  full  knowledge  of  the  extended  literature  of  the  subject. 
D  follows  a  somewhat  minute  account  of  the  British  rocks 
ng  into  the  place,  based  upon  the  exhaustive  studies  of  Judd, 
►ort,  Rutley,  Worth,  Teall  and  others.  Of  the  various  rock 
js  falling  into  the  groups  mentioned,  the  majority  are  fully 
esented  and  have  been  thoroughly  studied  ;  certain  kinds, 
ever,  for  example  those  of  the  nephelite,  leucite  series,  the 
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recent  andesites,  arc  absent ;  only  a  single  case  of  a  rock  with 
nephelitc  being  known.  A  series  of  forty-seven  plates  accompi- 
nies  the  text  description.  These  are  of  excellent  execation,  well 
drawn  and  very  delicately  colored,  and  with  key  plate  accompi- 
Dying  each,  show  clearly  the  many  points  to  be  illustrated. 

7.  Brief  notices  of  some  recently  described  minerah. — Lisfr 
roRDiTK. — A  while  translucent  mineral,  somewhat  resembliDg 
paraffin,  but  having  a  crystalline  stractare  and  vitreous  losier; 
a  prismatic  angle  of  76^  was  measured.  Hardness  2*5,  specific 
gravity  r54-r692.     An  analysis  by  Keeley  gave 

COa  18-90,  MgO  2318,  HaO  57-79=99-87. 
Of  the  water,  the  loss  over  H,SO^,  after  20  honrs,  was  4'88  p.  c, 
after  48  hours  11-70,  after  a  week  26-33,  at  110°  C.  12-31,  at  185* 
C.  9-76,  at  a  rod  heat  0-39.  The  formula  deduced  is  SMgCX)^ 
Mg(0H),  +  2lH,0.  The  mineral  was  found  as  a  stalactitic 
growth  at  the  anthracite  mine  of  Lansford,  near  Tamaqoa* 
Schuylkill  Co.,  Penn. — F.  A.  Genth  in  Zeitschr,  Kryst^  xiii,  255. 

HoRspoKDiTK. — A  massive  mineral  resembling  native  silver  io 
color,  with  high  luster,  but  soon  tarnishing.  Hardness  4^, 
G.  =  8-812.     An  analysis  gave 

(5)  Antimony  26-86.  Copper  73-37  =  100-23 

which  corresponds  to  a  compound  between  Cu,Sb  and  CaJSb^ 
very  near  to  Cu,,Sb,.  It  is  thus  related  to  some  forms  of  dya- 
crasite,  also  to  algodonite.  It  occurs  as  an  extensive  deposit 
near  Mytilene  in  Asia  Minor. — A.  Laist  and  T.  H.  NoRTOxin 
Atner.  Cheni,  Jouru,,  x,  60. 

HoHMANNiTE,  Amarantite. — Described  as  two  independent 
hydrous  iron  sulphates,  occurring  with  copiapite  from  ChilL 
Hohmannite  is  a  chesiiut-browii  massive  mineral  with  a  fibrous 
structure.     Hardness  3,  specific  gravity  '2*24.     An  analysis  gave 

SOa  :J0-88,  Fe^O,  40  05,  H,0  29*63  =  100*56 

for  which  the  ibrnmla  2Fe,0,,  3S0,-|- 13ll,0  is  calculated.  Am- 
arantite  occurs  in  microscopic  crystals  of  an  orange  color.  The 
analysis  gave 

SO,  :57-2G.  Fe.Oj  35r>vS,  H./)  27  62  =  100-46 

leading  to  the  formula  Fe^O,,  2S()3  +  7lI,0.  A  later  trial  of 
hohmjiuiiito  gave  a  result  nearly  iiU*ntical  with  this,  making  it 
probable  that  the  two  minerals  have  really  the  same  composition 
and  are  identical,  though  occurring  in  a  different  form.  A.  Frkx- 
ZKL  in  Min.  Pttr.  Mitfh.,  ix,  .397,  4J3. 

QuKNSTEDTiTK,  BucKiN'fiiTE. — lu  a  preliminary  notice  of  some 
iron  sulphates  from  Chili,  the  name  Quejtstedtite  is  given  to  a  salt 
occurring  in  reddish-violet  tabular  crystals  resembling  gypsum. 
They  belong  to  the  monoclinic  system   and  have  the  composition 

2FeO,H  +  8Fe,(SO4)3  +  10aq. 

Jiilckhif/i(e  occurs  in  dark  brown  thick  tabular  crystals  belong- 
ing to  the  triclinic  system.     The  formula  given  is 

2Fe,(S04)3  +  2H,S04  +  7FeS0«  +  60aq. 
— G.  LiNCK  in  Jahrh.  Min,,  vol.  i,  'Jl;i,  1888. 
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8.  Mineralogical  Notes,  (1)  Yem.manite  from  Newbury^ 
tfoM.y  by  W.  O.  Crosby  and  James  T.  Greeley. — An  investi- 
;alion  with  analysis  of  a  massive  mineral  occarring  with  serpen- 
ine  in  the  lime  quarries  of  Newbury,  Mass.,  has  proved  that  it 
.8  vesuvianite,  and  not  massive  garnet,  as  has  been  supposed 
(Dana's  Mineralogy). 

(2)  Oahnitefrom  Bowe,  Mass.;  by  W.  O.  Crosby  and  Charles 
li.  Brown. — A  partial  analysis  is  given  of  the  zinc  spinel  occur- 
ring with  pyrite  at  Rowe,  Mass.  The  authors  announce  the  oc- 
currence as  a  new  discovery,  evidently  not  having  seen  the  paper 
on  the  subject  by  A.  G.  Dana,  published  three  years  since  (this 
Journal,  xxix,  465). —  Technology  Quarterly,  i,  407,  408,  May,  1888. 

9.  Brazilian  Meteorites. — Seven  Brazilian  meteorites  are  re- 
presented in  the  collection  of  the  National  Museum  of  Rio  de 
Janeiro  of  which  only  three  (Bendego,  Santa  Catherina  and 
Macau)  have  been  previously  described.  The  new  ones  are: 
Itapicuru-mirim  (Prov.  de  Maranhao)  March,  1879,  chondrite, 
weight  2-024  grams,  spec.  grav.  3*638.  Santa  Barbara  (Prov. 
de  Kio  Grande  do  Sul)  Sept.  26,  1873,  chondrite,  weight  of  two 
authentic  specimens,  representing  apparently  about  a  quarter  part 
of  the  single  stone  collected,  93*211  grams,  spec.  grav.  3*478. 
Minos  Geraesf  Date  and  place  of  fall  unknown,  but  supposed 
to  be  from  the  province  of  Minas  Geraes,  chondrite,  weight  1*224 
prams,  spec.  grav.  3*48-3*51.  Angra  dos  Beis  (Prov.  de  Rio  de 
Janeiro)  Jan.  15-31, 1869,  Angrite  (Ludwig  and  Tschermak,  Min. 
Mitth.,  1887),  weight  of  a  piece  representing  about  a  quarter 
part  of  the  original  mass,  446*5  grams,  spec.  grav.  3*43-3*47;  com- 
position augite  93 -28,  olivine  6*45,  magnetic  pyrites  1*!27. 

A  fragment  of  a  chondrite  labeled  "  Rio  de  Janeiro "  is  pre- 
sumed to  belong  to  the  Santa  Christina  meteorite.  A  stone  from 
Ponta  Grossa,.  province  of  Parana,  sent  to  the  Emperor  in  1867 
and  described  as  having  a  syenitic  aspect  with  a  wrinkled  reddish 
3ru8t  (Eukrite  or  Howardite?)  has  disappeared.  A  fragment  of 
ron  in  Claussen's  collection  presumed  to  be  the  one  referred  to  by 
lim  (Bull,  de  I'Acad.  Bruxelles,  1841)  under  the  name  of  the 
;)urvelle  meteorite,  is  artificial,  as  is  also  a  reputed  meteorite  at 
Vreado,  in  the  province  of  Minas  Geraes.  Another  pseudo-meteor- 
te  is  an  artificial  mass  of  metal  said  to  have  fallen  June  14,  1861, 
lear  Curitiba,  prov.  of  Parana.  It  has  not  yet  been  definitely 
scertained  if  a  meteorite  fell  on  that  day  or  not.  Meteorites  are 
.Iso  reported  from  Morro  do  Chapeo  and  Monte  Alto  in  the  pro- 
ince  of  Bahia  in  regard  to  which  no  definite  information  has 
»een obtained. — (0,  A,  Derby,  in  Bevista  do  Observatorio  of  Bio 
fe  Janeiro. 

10.  Note  on  the  Locality  of  the  Santa  Catharina  Meteorite, — 
The  masses  of  iron  known  by  this  name  were  found  scattered 
*ver  a  triangular  area  of  about  10,200  square  meters  at  a  distance 
►f  4,200  meters  from  the  city  of  Sao  Francisco  do  Sul  on  the 
aland  of  the  same  name.  This  portion  of  the  island  is  composed 
if  gneiss  and  granite  cut  by  dykes  of  diabase.     The  soil  about 
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the  iron  is  clearly  of  granitic  origin  and  large  blocks  of  toarma- 
liniferous  granite  occur  close  by  one  of  the  points  where  iron  wa8 
found.  No  evidence  of  the  existence  of  basic  eruptive  rocks 
such  as  are  required  by  the  hypothesis  that  the  iron  is  similar  in 
origin  to  that  of  Ovifak  could  be  found  in  the  vicinity,  though 
from  the  lack  of  rock  exposures,  the  depth  of  the  soil  cap  and 
the  thick  covering  of  second  growth  timber,  it  cannot  be  posi- 
tively aflSrmed  that  none  such  exist.  On  the  whole  the  evideDoe, 
though  not  conclusive,  is  in  favor  of  the  meteoric  rather  than 
the  terrestrial  origin  of  the  iron.  About  26000  kilograms  are 
reported  to  have  been  shipped  to  England  to  be  smelted  lor 
nickel.  The  only  fragments  to  be  found  at  present  are  almost 
entirely  reduced  to  the  state  of  oxide. — {Luiz  F,  Gomaga  de 
Compos  in  Revisto  de  Observatorio  of  Rio  de  Janeiro), 

11.  The  JBendego  Meteorite, — This  famous  mass  of  iron  was 
landed  in  Rio  de  Janeiro  June  15th,  and  is  now  in  the  National 
Museum  of  that  city.  The  transportation  over  116  kilometers  of 
mountainous  country  to  the  nearest  railroad  station  was  directed 
by  Chevelier  Jos6  Carlos  de  Carvalho  in  the  name  of  the  SocU- 
dade  de  Geographia  de  Rio  de  Janeiro^  the  necessary  funds, 
amounting  to  about  $10,000,  being  generously  furnished  by 
Baron  Guahy.  The  weight  verified  on  the  scales  of  the  Bahia 
R.  R.  is  5,361  kilograms.  The  comparative  thickness  of  the 
crust  of  oxide  formed  since  the  first  attempt  to  remove  it  in  1785, 
and  that  found  in  the  original  resting  place,  afford  a  basis  for  a 
rough  guess  at  its  age  which  may  safely  be  put  down  as  over  six:  . 
centuries. 

III.  Botany. 

Notices  of  recent  contributions  to  Vegetable  Physiology,— j^^^ 
other  recent  papers,  bearing  more  particularly  on  the  vegetable 
cell,  see  this  Journal,  March,  1888). 

(1)  A,jEr,de  Vries^s  studies  of  Glycerin  in  its  rekUions  to  certair^ 
tissues, — In  Botan.  Zeitung  for  April  1888,  this  investigator  pul>- 
lishes  a  few  notes  in  regard  to  the  absorption  of  glycenn  by  veg- 
etable cells,  which  have  a  high  degree  of  interest  for  all  whoar^ 
in  the  way  of  examining  the  behavior  of  cells  when  placed  i«* 
this  medium.     It  was  shown  by  Klebs  last  year  that  this  sub— 
stance  is  very  easily  taken  up  by  the  cells  of  living  Zygnem^-^ 
diffusing  with  facility  into  their  interior.     Moreover  it  was  pointer 
out  by  Arthur  Meyer  in  1886,  that  when  the  green  parts  oi  plants 
are  placed  in  glycerin  it  is  possible   for  them  to  produce  stard*- 
therefrom,  a  fact  of  great  importance  in  view  of  the  fact  th»^ 
glucose  has  been  synthetically  produced   from  glycerin-aldehy^ 
(Fischer  and  Tafel,  1887).     But,  as  is  well  known,  glycerin  ia  ^ 
powerful  plasmolytic,  acting  in  a  10  per  cent  solution  to  cauB'^ 
distinct  contraction,  and  even  in  a  much  more  dilute  solution  sx^'^ 
ing  more  or  less  plainly.     After  an  hour  or  so,  the  contraction* 
diminishes  gradually  and  finally  passes  away,  while  in  a  solutio^ 
of  5  per  cent,  growth  takes  place,  and  the  Zygnema  remains  freS" 
and  healthy  even  for  four  months  in  the  dark. 
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;  appeared  therefore  of  importance  to  ascertain  accurately  the 
ntitative  relations  of  glycerin  to  tissues,  and  this  has  been 
mpted  by  dbVries  in  the  paper  referred  to.  His  method  is 
ntially  the  same  as  that  employed  by  him  in  his  previous 
?8  of  plasmoly tic  experiments,  and  the  material  is  the  same, 
lely, — the  red  epidermis  of  the  petiole  of  JBer/onia  manicata.^ 
m  the  epidermis  of  the  upper  side  of  the  petiole  about  twelve 
d  microscopic  slices  are  taken,  and  subjected  at  once  to  the 
on  of  the  plasmoly  tics,  such  as  potassium  nitrate  or  sugar,  of 
erent  degrees  of  strength.  After  two  hours  it  is  possible  to 
?ct  in  the  sections  placed  in  the  stronger  solutions  the  begin- 
g  of  the  plasmoly  sis,  and  afterwards  one  may  trace  its  further 
gress  in  the  weaker  ones.  From  these  observations  deVries 
ermines  the  isotonic  coeflScient  for  glycerin  to  be  I'VS. 
JVhen  this  figure  is  compared  with  the  coefficients  of  some 
ler  substances,  and  also  with  the  figures  obtained  by  Raoult 
the  lowering  of  the  freezing-point,  the  ciirious  relations  are 
ifirmed. 

Glycerin, ...1-78 171 

Cane-sugar, 1-88 18-5 

Inverted  sugar, 1*88 19-3 

Malic  acid, ^.1-98 187 

Citric  acid, 202 19-3 

Tartaric  acid, 202 195 

tVries  has  also  measured  the  permeability  of  the  protoplasts  by 
ycerin,  but  he  gives  only  a  few  results  as  an  example  of  the 
3rking  of  his  general  method. 

(2)  Assimilation  by  colored  and  variegated  leaves. — Engelmank 
whom  we  are  indebted  for  a  method  of  quantitatively  estimating 
e  effects  of  different  rays  of  the  solar  spectrum  in  assimilation, 
is  extended  his  observations  to  variegated  leaves,  and  to  those 
hich  have  a  uniform  color  other  than  green.  (Bot.  Zeit.,  xlv. 
).  25.)  Passing  over  his  studies  as  to  the  structure  of  the  paren- 
»yma  of  the  leaves,  and  merely  stating  that  he  distinguishes 
Jtween  colors  which  depend  (1)  on  the  cell-wall,  (2)  on  the  cell- 
ip,  and  (3)  on  the  plastids  themselves,  it  may  be  said  that  he 
•esents  results  confirming  to  a  certain  extent  his  former  views 
J  to  the  relation  of  the  absorption-bands  and  assimilative  activity. 
Without  dwelling  upon  the  possible  errors  of  his  method,  it  is 
iough  to  call  attention  to  a  marked  advantage  which  it  has  over 
!iy  other  in  the  determination  of  the  amount  of  activity  in  asin- 
e  cell  or  group  of  cells.  The  method,  it  will  be  remembered, 
insists  essentially  in  the  application  of  a  small  direct-vision  spec- 
08cope  under  the  stage,  throwing  the  light  through  the  dia- 
^inigm  upon  the  under  side  of  an  object  placed  in  the  field.  By 
*®  activity  of  bacteria  in  the  water  surrounding  the  object 
fuming  that  this  activity  is  due  to  the  elimination  of  oxygen 
ttring  the  process  of  assimilation),  Engelmann  endeavors  to  ascer- 
"n  the  relative  amount  of  assimilation  in  different  parts  of  the 
;>^trum.     When,  as  in  the  case  of  large  leaves  or  fragments  of 
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green  twigs  employed  in  the  ordinary  method  by  exposing  the 
whole  to  the  different  rays,  it  is  seen  that  the  greatest  assimilation 
takes  place  in  the  orange  rays,  or  those  of  medium  refrangibility, 
it  is  impossible  to  detect  any  relation  between  the  absorption 
bands  and  the  amount  of  oxygen  given  off.  Hence,  with  all  the 
.  objections  which  may  be  urged  against  it,  Engelmann's  metkod 
places  in  our  hands  the  means  for  estimating  the  effects  in  a 
strictly  localized  part  of  the  field.  When,  therefore,  the  method 
is  applied  to  the  different  parts  of  a  variegated  or  colored  lea^ 
we  may  reasonably  expect  to  determine  the  difference  in  the 
efficiency  of  the  rays  belonging  to  the  different  parts  of  the 
spectrum.  It  is  fair  to  say  that  the  present  paper  appears  to 
strengthen  the  position  originally  assumed  by  Engelmann  in  the 
questions  to  which  his  methods  and  conclusions  have  given  rise. 
He  has  given  also  some  useful  hints  as  to  the  employment  of  bis 
method  which  obviate  a  few  of  the  objections  formerly  raised 
against  it.  o.  l.  g. 

(3)  Hough's  American  Woods,  Part  I;  by  Rometn  B.  Hough, 
Lowville,  N.  Y. — ^This  work  consists  of  transverse,  radial,  and 
tangential  sections  of  twenty-five  species  of  our  North  American 
woods,  having  a  thickness  of  perhaps  one-hundredth  of  an  inch 
or  in  some  cases  a  good  deal  less,  and  measuring  two  inches  by  a 
little  more  than  four.  A  few  of  the  specimens  are  somewhat 
thicker  than  this,  but  they  are  all  sufficiently  thin  to  reveal  the 
structure  of  the  wood.  The  sets  are  furnished  at  the  low  price 
of  ^ve  dollars  for  the  twenty-five  species,  and  some  of  the  species 
are  represented  by  more  than  one  series  of  sections.  These  sets 
remind  one  of  the  beautiful  preparations  made  for  schools  by  Mr. 
Spurr,  under  the  direction  of  Mr.  Henry  Brooks  of  Boston,  bat 
they  do  not  possess  as  those  did,  the  advantage  of  protection  by 
thin  plates  of  mica,  which  rendered  the  latter  of  great  service  in 
botanical  classes.  Mr.  Hough's  specimens  are  equally  beautiful, 
but  in  their  unprotected  condition  one  would  hardly  like  to 
trust  them  in  the  hands  of  ordinary  students.  It  is  to  be  sin- 
cerely hoped  that  Mr.  Hough  will  be  encouraged  to  continue  his 
interesting  and  useful  work.  The  sections  are  accompanied  by  a 
short  account  of  the  elements  of  botany,  together  with  the  more 
important  facts  relative  to  woodSj^  and  the  whole  treatise  is  fol- 
lowed by  a  specific  statement  regarding  all  the  plants  used  in  the 
illustrations.  G.  L.  G. 

Journal  of  the  Trenton  Natural  History  Society. — The  number  of  this  Joutd*! 
for  January,  1888  (No.  3),  contains  a  paper  by  Dr.  A.  C.  Stokes  on  Fresh-water 
Infusoria,  and  (>nc  by  W.  A.  Stowcll  on  tlie  Flora  of  Bergen  Co.,  N.  J. 

Bulletin  of  the  Natural  Histoiy  Society  of  New  Brnnswick,  NcVIL  pub- 
lished at  St.  John,  New  Bnuiswick.  contains  a  review  of  the  Echinodermau  of 
New  Brunswick,  by  Mr.  W.  F.  Ganong. 
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Art.  XVI. — Camhrian  FohsiU  from  Mount  Stephens^  North- 
tcest  Territoi^y  of  Ccunada ;  by  Charles  D.  W  alcott.* 

The  announcement  of  the  discovery  by  Mr.  Otto  J.  Klotz 
of  a  group  of  Cambrian  fossils  at  Mt.  Stephens,  near  the  line 
of  the  Canadian  Pacific  railway,  and  a  description  of  some  of 
the  species  by  Dr.  C.  Rominger,  appeared  in  July,  1887.t 

Dr.  Rominger  describes  one  new  genus  of  the  Trilobita, 
Embolimus,  and  five  new  species,  and  also  mentions  two  other 
species  of  trilobites,  several  brachiopods,  a  species  of  Hyolithes 
and  what  he  thinks  may  be  a  graptolite  There  is  no  attempt 
made  to  give  the  stratigraphic  position  of  the  fauna  in  the 
Cambrian  system,  by  comparison  with  published  sections  and 
descriptions,  or  to  compare  the  species  with  similar  forms  that 
have  Deen  described  from  the  Cambrian  strata  of  the  Rocky 
Mountains.  He  states'  that  it  was  his  intention  to  visit  the 
locality,  and,  if  he  has  done  so,  we  may  receive  more  informa- 
tion in  relation  to  the  occurrence  of  the  fauna'there. 

Mr.  Klotz  presented  to  the  TJ.  S.  Geological  Survey  a  small 
collection  of  fossils  from  Mt.  Stephens,  and,  through  the  kind- 
ness of  Professor  J.  F.  Whiteaves,  Paleontologist  of  the  Geo- 
logical Survey  of  Canada,  I  have  befoie  me  some  very  fine 
specimens,  from  the  same  locality,  collected  by  Mr.  McConnell. 

*  Read  before  the  Biological  Society  of  Washington,  April  7th,  1888. 
f  Descriptions  of  Primordial  Fossils  from  Mt.  Stephens.  N.  W.  Territory  of 
Canada,  Proc.  Acad.  Nat.  Sci.  Philad.,  pp.  12-19,  Plate  I,  1887. 
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When  comparing  this  fauna  with  one  collected  from  the  Mid- 
dle Cambrian  Terrane  in  Central  Nevada,  I  found  that  sevenl 
of  the  species  from  the  widely-separated  localities  were  identi- 
cal. This  result  led  me  to  prepare  the  following  notes,  which 
I  now  present  to  your  consideration. 

The  accompanying  section  is  given  to  show  the  position  of 
the  Mt.  Stephens  fauna  in  the  Cambrian  system,  as  observed  in 
the  Highland  range  of  Central  Nevada,  about  125  miles  south 
of  Eureka.* 

Feet 

1.  Dark  reddish  brown  quartzite,  evenly  bedded  and  rip- 

ple-marked in  some  places 350 

2.  Bluish-gray  limestone 35 

Fossils :    Oleneiltfs  Gilberti, 

3.  Buff  argillaceous  and  arenaceous  shales)  more  or  less 

solid  near  the  base  and  laminated  in  the  upper  por- 
tions          80 

Fossils :  Annelid  trails  and  fragments  of  Olenellus  in 
the  lower  part.  Higher  up,  the  heads  of  Olenellus 
Gilherti  and  O,  Idalngsi  occur  in  abundance. 

4.  Lighl-colored  gray  limestone  and  bluish-black  limestone        16 

5.  Sandy,  buff-colored  shale 40 

Fossils  :,  Annelid  trails,  Cruziana  sp.  ? 

6.  Dark  bluish  black  limestone 46 

7.  Finely  laminated  buff  argillaceous  shale 80 

Fossils:    Hyolithes  Billingai  and    Ptychoparia   Pio- 

chensis. 

8.  Gray  to  bluish  black  compact  limestone 18 

9.  Buff  arenaceous  shales 64 

10.  Compact  cherty  limestone 50 

11.  Compact  shaly  sandstone  in  massive  layers 40 

12.  Hard  siliceous  gray  limestone,  almost  quartz  at  base..  12 

13.  Yellow  to  buff  sandy  shale 70 

1 4.  Bluish  black  limestone 16 

16.  Yellow  to  buff  sandy  shales 40 

16.  Bluish  black,  hard,  compact  limestone 12 

Fragments  of  fossils. 

1 7.  Shaly  sandstone  in  massive  layers 52 

1 8.  Gray  arenaceous  limestone 2 

19.  (a)  Buff  sandy  shale 40 

(b)  Gray  arenaceous  limestone 30 

(c)  Sandy,  calcareous  shale 8 

20.  (ji)  Massive-bedded,  bluish-gray  limestone 200 

Fragments  of  fossils. 

(b)  Compact    gray    siliceous    limestone,    almost 

quartzite  in  some  places 400 

(c)  Bluish  black,  evenly  bedded  limestone 6 

^  '  ^  606 

Strike  N.  30°  W.,  dip  10°  E. 

*  U.  S.  Geol.  Survey,  Bull.  Xo.  30,  pp.  33,  34,  1886. 
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Buff  to  pinkish  argillaceous  shale,  with  fossils,  and  a 
few  interbedded  layers  of  limestone  from  3  to  15 
inches  thick 126 

Fossils :  Eocystites  ?f  longidactylus,  L%)iguleUa  EUa^ 
Kutorgina  pannulaj  Hyolithes  Billing  at,  Ptycho- 
paria  Piochensis,  Zacanthoides  typicalis,  JBathyur- 
iscus  Howdli  and  B,  producta. 

Massive-bedded,  siliceous  limestone ;  weathering  rough 
and  broken  into  great  belts,  200  to  300  feet  thick, 
by  bands  of  color  in  light  gray,  dark  lead  to  bluish 
black ;  on  some  of  the  cliff  faces  the  weathered  sur- 
face is  reddish 1,570 

Bluish  black  limestone  in  massive  strata,  that  break 
up  into  shaly  layei's  on  exposure  to  the  weather. 
The  latter  feature  is  less  distinct  850  feet  up,  and 
the  limestone  becomes  more  siliceous,  with  occa- 
sional shaly  beds  1,430 

Fossils :  Near  the  summit  specimens  were  found  that 
are  referred  to  Ptychoparia  minor, 

SUMMABY    OF   SECTION. 

Quartzite 360 

Limestone  and  shales  (argillaceoiis  and  arenaceous) 1,450 

Massive  limestone 3,000 


4,800 

Lt  the  horizon  of  Nos.  2  and  3  of  the  section,  the  Olenellus 
iliddle  Cambrian  fauna  occurs ;  a  fauna  who§e  stratigraphic 
ition  is  known  in  several  sections.  The  next  well-marked 
Qping  of  fossils    occurs  in  No.  21,  where,  in  the  section 

at  a  corresponding  horizon    in   the  Pioche  section,  the 

nes  mentioned  in  No.  21  were  found.     Of  this  fauna  the 

following  species  occur  in  the  collection  from  Mt.  Steph- 

viz:  Zacanthoidss  spinosus  and  Bathyuri^cus  Howelli. 
!  same  type  of  fauna  occurs  in  the  Cambrian  section  of 
House  range,  at  Antelope  Spring,  Western  Utah,  where,  of 
species  found  at  Mt.  Stephens,  there  occur :  Agnostv^s  inter- 
7tics  and  Olenoides  Neimdensis. 

^crotreta  gemma  is  found  in  No.  2,  in  the  Highland  section, 
•  Pioche,  Nevada,  and  it  ranges  up  into  the  Upper  Cam- 
6,  in  the  Eureka  District.  Ilyolithellus  micans^  although 
>mmon  Middle  Cambrian  species,  has  not  been  identified, 
Jtofore,  west  of  New  York. 

f  the  eight  species  found  at  Mt.  Stephens,  six  are  strati- 
>hicallv  located  in  the  Cambrian  system.  Two  species — 
fgia  ff  Klotzi  and  Ptychoparia  CordiJhrcescrQ  unknown 
ae  from  any  other  locality. 

iuite  a  fauna  occurs  in  23,  as  found  one  mile  farther  south  on  the  line  of  section. 
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1886,*^  and  the   second   species,    Emholimus  rotundatusy   as 
JBathyuris(ms  Hawelli.^ 

When  studying  the  Georgia  fauna,  in  1885, 1  found  that  the 
genus  Olenoides  was  probably  the  same  as  the  genus  Dorypyge 
of  Dames.if  Wishing  more  material  for  comparison  I  left  all 
the  species  under  the  genus  Olenoides.  A  large,  line  species 
of  the  genus  Olenoides  was  collected  in  the  Cambrian  shales  of 
Northern  Alabama,  in  1886,  which  proved  conclusively  that 
Dorypyge  was  founded  on  a  species  congeneric  with  the  type 
of  Olenoides.  I  then  recognized  that  the  species  OUnoiaea 
typi^alisy  0.  spinosus,  0.  levis  and  O.  jlagricaudatics  formed 
a  distinct  generic  group,  which  I  was  having  drawings  prepared 
to  illustrate  when  Dr.  Rominger's  paper  appeared.  As  the 
eeneric  name  proposed  by  him  is  preoccupied,  I  now  propose 
the  name  Zacanthoides,  including  in  it:  Z.  typicalis^  Z.  spino- 
^uSn  Z.  l^n%  and  Z,  jlagrieaudatus.  .  The  species  remaining 
Tinder  Olenoides  are  0.  NevadetiHis^  O,  Marcoui^  O.  quadri- 
<iepH  and  O.  Wasatchensia, 

By  a  comparison  of  specimens  I  found  that  Emholimus 
^pinosa  Jlom.= Zaeanthoides  spinosus  Walcott,  Embolimu% 
Totund-ita  Roin.  =  Bathyuriscus  UoweUi  Walcott,  Ogygia  ser- 
Tata=^ Olenoides  Nevadensis  Meek;  and  that  Conocephalites 
CordillercE  Rom.  =  Ptychoparia  Coi'diUene  Rom.  (sp.),  and 
Ogygia  ff  Kloizi  Rom.  are  new  to  the  previously  known  Cam- 
brian fauna. 

Zacanthoides  spinosus  Walcott,  1SS&=^ Emlolim'iis  spinosa 
Rominger,  1887.— This  is  a  stronglv  marked  species  and  occurs 
at  Pioche  and  Eureka,  Nevada,  and  in  the  collections  from  Mt. 
Stephens. 

JSathyuriscus  IloweUi  Walcott,  \%%^%= Emholiimis  rotun- 
datus  Rominger,  1887. — In  the  type  figure  of  this  species  one 
segment  has  been  forced  beneath  the  head,  a  fact  that  was 
overlooked  in  the  original  specimen.  A  comparison  of  speci- 
mens from  Mt.  Stephens  with  the  type  from  Pioche,  Nevada, 
shows  them  to  be  specifically  identical. 

Olenoides  Nevaaensis  Meek=  Ogygia  serrata  Rominger. — 
This  fine  species  is  the  type  of  the  genus  Olenoides ;  and  a 
comparison  of  the  specimens  from  Mt.  Stephens  with  the  type 
specimens  leaves  no  doubt  in  my  mind  as  to  their  specific 
identity. 

Ptychoparia  CordiUercB  Rominger. — A  specimen  of  this 
species,  23™"  in  length,  has  nineteen  segments  in  the  thorax 
and  in  this  respect  is  similar  to  Ptychopaiia  Pioehensis  Wal- 
cott, from  the  same  horizon,  at  Pioche,  Nevada.     The  head, 

♦  U.  S.  Geol.  Sunrey,  Bull.  No  30,  p.  184,  Plate  XXV,  fig.  6. 
t  Loc.  cit.,  p.  216,  PJate  XXX,  figs.  2,  2a. 


X  Loa  cit.,  p.  221. 

§  U.  S.  Geol  Survey,  Bull  No.  30,  Plate  XXX.  fig. 


o 
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however,  is  unlike  that  of  the  latter,  being  more  closely  related 
to  that  of  jP.  Kingi  Meek. 

Ogygia?  Klotzi  Rominger.  — This  is  a  fine,  large  species, 
and  distinct  from  any  known  to  me  from  the  Cambrian  ter- 
rane.     It  is  more  a  type  of  the  second  fauna  than  of  the  first; 
and  its  reference  to  the  genus  Ogygia  is  in  accord  with  its  gen- 
eral characters.     It  differs,  however,  in  the  important  feature 
of  having  an  ocular  ridge  extending  from  the  anterior  niarjrin 
of  the  eye  to  the  dorsal  furrow,  beside  the  glabella.     The  pal- 
pebral lobe  18  also  more  narrow  and  elongate  than  the  eve  of 
most  species  referred  to  Ogygia.     All  other  parts  of  the  nead, 
thorax  and  pygidium  relate  it  more  closely  to  Ogygia  than  \(i 
any  other  genus.     The  oldest  known  species  of  the  genus,  ft 
Selv^yni  Salter,  from   the   Arenig  terrane   of   Wales,  is  not 
(luite  so  closely  related  in  form  to  O.  f  Kloizi  as  to  the  0, 
Bnchi  from  the  Llandeijo  terrane. 

It  is  unusual  that  a  genus,  showing  so  little  variation  from 
Ogygia,  occurs  at  a  much  lower  horizon*  in  an  area  separated 
by  over  5,000  miles,  from  the  area  where  the  species  of  Ogjgia 
flourished  at  a  later  period  in  geologic  history. 

Agnostus  interstrictus  ^\\\iQ=^ Agnostun  Rominger. — This 
species  of  Agnostus  is  very  abundant   at  Antelope  Spring, 
Utah,  where  it  is  associated  with  OUnoides  NevadenMs,  as  at 
Mt.  Stephens. 

Acrofreta  (jernma  Billings. — The  broad,  low  form  of  tlii-S 
species  occurs  compressed  in  the  shaly  slate.  The  specimei^s 
at  hand  are  poor,  but  they  appear  to  be  identical  with  tho^^ 
from  the  Cambrian  horizon  at  Pioehe,  Nevada. 

Kutorg'nia  PntsperUnsls  Waicott  ?. — A  fragment  of  a  speci «=^ 
of  Kiitorgina,  closely  related  to  AT  ProspectensiSj  occurs  on  tl-^® 
slate  in  association  with  Ptyrhoparia  Cordillerce.  It  is  n.  <^^ 
im))robable  that  it  represents  a  new  species. 

IlyolitheUus  imcanH  Billings. — Black,  shiny,  concentrically 
striated  or  smooth,  compressed  tubes  occur  in  the  shale  wi  t^-lj 
the  trilobites,  that  appear  to  be  identical  with  //.  irticans  <^* 
the   Middle   Cam})rian    fauna   of    New    York,    Vermont  ati« 
Canada.     The  "  slender  stems,"  mentioned  by  Dr.  Rominge^'f 
may  be  the  same  as  the  slender  shells  of  this  species  whicA 
a])pear  like  compressed  stems  formed  of  shiny  carbonaceous 
matter. 

It  is  doubtful  what  the  specimen  identified  as  Menocephdw 
Salteri  f  is.  It  may  be  the  young  of  Baihyuriscxis  JioweUl 
The  specimen  figured  as  Bathyurus  ?  is  too  badly  defined  to 
identify  it.  It  certainly  does  not  belong  to  the  genus  Bathyn- 
rus.  Of  the  remaining  genera  mentioned  by  Dr.  Rominger  I 
do  not  find  any  traces  in  the  material  before  me  with  the  ex- 
ception of  a  fragment  of  a  species  of  Orthis. 
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James  D.  Dana. 

[Continued  from  page  112.] 
RELATIONS  OF  KILAUEA  TO  MT.  LOA. 

The  position  of  Kilauea  "  on  the  flanks  of  Mt.  Loa,"  9500 
it  below  the  level  of  the  summit,  plainly  suggests  the  idea  of 
later  and  dependent  origin.  If  the  two  were  begun  at  the 
:ie  time,  why,  it  is  naturally  asked,  should  not  Kilauea  have 
)roximately  the  same  size  as  Mt.  Loa  i  With  the  same  time 
?row  in,  and  a  distance  between  the  two  nearly  equal  to  that 
ween  Kea  and  Loa,  and  a  crater  as  large  and  still  active, 
iild  it  have  stopped  at  less  than  one-third  the  height  and 
e   raised  its  summit  only  300  feet,  at  the  best,  above  the 

Loa  slopes  ? 
Jeveral  of  the  islands,  Oahu,  Molokai,  Maui,  and  perhaps 
)  Kauai,  consist  of  two  volcanoes  united  at  base,  or  are  vol- 
ically  twins ;  and  Hawaii  is  a  double  twin,  one  couplet  con- 
ing of  Kohala  and  Kea,  and  the  other  of  Hualalai  and  Loa, 
^ided  Kilauea  is  subordinate  to  Mt.  Loa.     In  all  the  twins 

eastei*n  of  the  two  combined  volcanic  mountains  is  the 
?er.  But  Kilauea,  although  the  eastern  on  Hawaii  and  the 
ternmost  of  the  whole  group,  is  one  of  the  smallest.  The 
ater  size  of  the  eastern  volcano  in  a  couplet  has  come  from 
continuing  longer  in  action  ;  and  this  is  proved  not  simply 
the  size,  but  also  by  the  evidence  of  long  extinction,  and 
t-efore  long  exposure  to  denuding  agents,  in  the  western 
untain  ;  that  is  by  the  depth  and  extent  of  the  valleys  of 
sion,  the  time-marks,  over  it.*     There  is  other  evidence  also 

-As  ihis  evidence  of  ihe  lapse  of  time  is  important.  1  here  cite  a  few  sentences 
'  the  chapter  in  my  Exploring  Expedition  Geological  Heport,  on  the  **  Origin 
i«  Valleys  and  Ridges  of  the  Pacific  Islands."  pp.  379-392. 
^dunt  Loa,  whose  sides  are  still  flooded  \\  itii  lavas  at  intervals,  has  but  one 
Vo  streamlets  over  all  its  slopes,  and  the  surface  has  none  of  the  deep  valleys 
ciQon  about  other  summits.  Volcanic  action  has  had  a  smoothing  effect,  and 
^  continuation  to  this  lime,  the  waters  have  had  scarcely  a  chance  to  make  a 
^ning  in  denudation.  Mount  Kea.  which  has  been  extinct  for  a  long  period, 
«i  succession  of  valleys  on  its  windward  or  rainy  side  which  are  several  hun- 
L  feet  deep  at  the  coast  and  gradually  diminish  upward,  extending  in  general 
"It  half  or  two-thirds  of  the  way  to  the  summit.  But  to  westward  it  has  dry 
ivities,  which  are  comparatively  even  at  base,  with  little  running  water.  A 
ct  connection  is  thus  evinced  between  a  windward  exposure  and  the  existence 
alleys.  And  we  observe  also  that  the  time  since  volcanic  action  ceased  is 
roximately  or  relatively  indicated ;  for  it  has  been  long  enough  for  the  valleys 
lave  advanced  only  part  way  to  the  summit.  Degradation  from  running  water 
lid  of  course  commence  on  such  slopes  [windward  slopes]  at  the  foot  of  the 
mtain,  where  the  waters  are  necessarily  more  abundant  and  more  powerful  in 
uding  action,  in  consequence  of  their  gradual  accumulation  on  their  descent. 
Haleakala,  or  eastern  Maui,  offers  the  same  facts  as  Mount  Kea,  indicating 
same  relation  between  the  features  of  the  surface  and  the  climate  of  the  dif- 
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in  the  fact  that  the  slopes  of  the  western  of  the  inonntains  in 
eacli  twin  island  are  partly  buried  by  the  more  recent  lavas  of 
the  eastern — Kohala  by  tliose  of  Kea,  western  Oaha  by  those 
of  eastern.*  The  order  in  time  of  extinction  thus  derived, 
which  my  Report  presents,  is  as  follows  : 

1.  Kauai.  5.  Northeast  Oahu. 

2.  Southwest  Oahu.  6.  East  Maui. 

3.  Western  Maui.  7.  Mt.'  Kea,  Hawaii. 

4.  Kohala,  on  Northwest  Hawaii.  8.  Mt.  Hualalai,  Hawaii. 

9.  Mt.  Loa  and  Kilauea. 

ferent  sides  of  the  island.  On  eastern  Oahu  the  valleys  are  much  more  exten- 
sive ;  yet  still  the  slopes  of  the  orij^inal  mountain-cone  may  be  in  part  distin- 
guished. And  thus  we  are  pradually  led  lo  Kauai,  wlMire  the  valleys  are  very 
profound  and  the  former  slopes  can  hardly  be  n^ade  out.  The  facts  are  so  pro- 
gressive in  character  that  we  must  attribute  all  equally  to  the  running  water  of  the 
land.  The  valleys  of  Mount  Kea.  extendmg  some  thousands  of  feet  up  its  sides, 
sustain  us  in  saying  that  time  only  is  required  for  explaining  the  existence  of  anj 
similar  valleys  in  the  Pacific.  As  in  Tahiti,  these  valleys  in  general  radiate  from 
the  centre,  that  is,  take  the  direction  of  the  former  slopes ;  they  often  commence 
at  the  central  summits  and  terminate  at  the  sea-level  instead  of  continuing  be- 
neath it."    (pp.  384.  H85.) 

**  With  literal  truth,  therefore,  we  may  speak  of  the  valleys  of  the  Pacific 
islands  as  the  furrowings  of  time  and  read  in  them  marks  of  age.  We  also  learn 
how  completely  the  features  of  an  island  may  be  obliterated  by  this  simple  pro- 
cess, and  even  a  cluster  of  peaks  like  Orohena,  Piiohiti  and  Aorai  of  Tahiti  be 
derived  from  a  simple  volcimic  dome  or  cone.  Mt.  Loa  alone  contains  within 
itself  the  material  from  wliioh  an  island  like  Tahiti  might  be  modelled  that  should 
have  nearly  twice  its  height  and  four  times  the  geographical  extent  "  (p.  391.) 

"  We  need  a<id  little  m  this  place  on  the  capabilities  of  running  water  after  the 
statement,  bapcd  on  mathematics,  that  the  transporting  power  varies  as  the  sixth 
power  of  the  velocity.  If  we  remember  that  these  mountain  streams  at  times  in- 
crease tiieir  violence  a  million-fold  when  tlie  rains  swell  the  waters  to  a  flood. 'all 
incredulity  on  this  point  must  be  removed."  "  There  is  everything  favorable  for 
degradation  which  can  exist  in  a  land  of  perpetual  summer;  and  there  is  a  full 
balance  a^^ainst  the  frosts  of  colder  regions  in  the  exuberance  of  vegetable  liff- 
since  it  occasions  rapid  decomposition  of  the  surface,  covering  even  the  face  of* 
precipice  with  a  thick  layer  of  altered  rock,  ami  with  spots  of  soil  wherever  there 
is  a  chink  or  shelf  for  its  lodgement.  The  traveller  ascending  a  valley  on  one  of 
these  islands  on  a  summer  day,  when  the  strejuns  are  reduced  to  a  mere  rill  which 
half  the  lime  burrows  out  of  sight,  seeiuc:  the  rich  foliage  around,  mes  and 
flowers  in  profusion  covering  the  decli\ities  and  festooning  the  trees,  and  observ- 
ing se^ireely  a  bare  rock  or  stor.e  excepting  a  few.  it  may  be.  along  the  bottom  of 
the  gorge,  might  tiaturally  inquire  with  some  degree  of  wonder.  Where  are  lli* 
mitrhtv  nyrents  whieli  have  ohannele<l  the  loftv  inounUiins  to  their  base?  But 
though  silent.  th(»  agents  are  still  on  every  hand  at  work:  decomposition  is  W 
slow  but  c  >iistant  ])ro>j:ress  ;  and  the  percolating  waters  are  acting  internally  if 
not  at  tlie  .surface.  M(  reover.  at  another  season  he  would  find  the  scone  chanjied 
to  one  of  ri'isy  waters  careering  along  over  rocks  and  plunging  down  heights  with 
fritrhtful  velo<-itv.  and  then  the  power  of  the  .«tream  would  not  be  disputed." 
(p  3S9.) 

*  The  wonderful  valleys  of   Kohala  are  given  on  the  map  of  Hawaii,  making 
Plate  1  of  this  volume.      They  are  some  of  the  deepest,  most  abiupt,  and  nwst 
beautiful  in  tiie  islands,  and  are  well  described   in   Miss  Bird's  Six  Months  in  the 
Sandwieh  Islands.     .Subsidence  may  have  been  concerned  in  the  origin  of  part  of 
them. 
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again  the  system  seems  to  require  that  Kilanea  should 
5  an  appendage  to  Mt.  Loa.  1  reproduce  here  from  my 
the  cut  drawn  to  show  these  relations  of  the  constituent 
3s.  In  this  diagram  Kea  and  Hualalai  are  made  to 
oo  far  over  Kohala,  the  central  region  of  which  should 
en  left  uncovered ;  but  the  general  idea  conveyed  is  I 
correct. 
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lese  grounds,  I  concluded,  in  1840,  that  Kilauea  origi- 
7QY  a  great  fissure  made  at  some  Mt.  Loa  eruption, 
conclusion  is  not  accepted  in  the  report  of  Mr.  W.  T. 
n,  Captain  C.  E.  Dutton,  or  Mr.  W.  L.  Green.  . 
le  apparent  independence  of  action  in  Kilauea  is  one  of 
osing  arguments  ;  and  it  is  a  strong  one.  There  is  com- 
10  sympathy  in  their  movements,  although  both  have 
of  unusual  magnitude  which  are  in  frequent  eruption 
jntially  in  continuous  activity  ;  and  although  the  open 

Kilauea  with  its -boiling  lavas  is  but  3600  feet  above 
level  (in  1840  but  3000  feet)  against  12,900  for  the  Mt. 
ter.  They  have  had  some  nearly  simultaneous  erup- 
)ut  the  larger  part  of  the  greater  eruptions  of  Mt.  Loa 
ien  place  while  the  lava-lakes  of  Kilauea  were  in  a  state 
sturbed  ebullition.  There  was  remarkable  harmony  of 
1  the  earthquake  eruptions  of  the  two  in  1868  ;  but  it 
n   shown   that  the  earthquakes  which  set  off  Kilauea 

Mt.  Loa  origin,  made  through  Mt.  Loa  fires,  and  hav- 
Ir  centre  over  thirty  miles  distant  from  Kilauea  beneath 
.  Loa  slopes ;  and  this  harmonious  action  therefore  does 
icate  much  sympathy  between  the  two  fiery  neighbors 

• 

August,  1887,  my  examination  of  the  walls  of  Kilauea 
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nMt  Loa  Ontten. 


on  the  side  toward  the  summit  of  Mt.  Loa  reaalted  in  discover- 
ing no  great  dikes  or  other  signs  of  former  dependence  on  Mt 
Loa.  Tliis  evidence  ie  not  of  great  value,  becanse  the  wall 
now  exposed  to  view  may  be  far  inside  of  the  wall  of  the 

freatei'  orie^nal  crater,  just  as  the  wall  of  th^  "  lower  pit'  af 
840,  whicn  was  in  general  without  dikes,  was  ineide  of  the 


the  crater  for  each  of  these  per- 
iods, 

3.  The  distance  between  the 
craters  of  Mt.  Loa  and  Kilau* 
is  nhout  the  same  that  exists  be- 
tween the  other  jcreat  voleani* 
centers  of  the  islands.  Bntlhis 
arfjuinent,  urged  by  Mr.  Green, 
is  indecisive,  especially  in  vie* 
of  the  timall  height  of  KilauM. 

+.  A  new  argument  maj  be 
derived  from  the  relation  of  Kil- 
aueatothe  two paralUl  raiiget^ 
isUui'lH  constit'itififf  iJte  llaVXf^ 
i(in  i/ruup.  These  ranges  ate 
indicated  on  the  accompanjing 
mnp  liy  the  lines  connecting  the 
islands.     The  northern  or  "Ku 
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Tange,"  as  I  call  it  in  my  Expedition  Report,  includes,  north- 
eastern Oahu,  eastern  Molokai,  eastern  and  western  Maoi, 
and,  on  Hawaii,  Kohala  and  Kea;  the  southern  or  "LoA 
range"  comprises  southwestern  Oahu,  western  Molokai,  Lanai, 
Kahoolawe,  Mt.  Hualalai  and  Mt.  Loa,  "  with  Liia  Pele  [or 
Kilauea]  on  the  flanks  of  Mt.  Loa."  The  Loa  and  Kea 
ranges  have  a  mean  trend  of  about  S.  60°  E.  To  the 
eastward  the  line  of  each  range  inclines  increasingly  to  the 
southward.  The  northern,  in  its  course  from  Maui  through 
Kohala  to  the  summit  of  Kea,  becomes  S.  45°  E.  in  trend ;  and 
the  southern  from  Kahoolawe  to  Hualalai  and  the  summit  of 
Mt.  Loa  has  nearly  the  same  course. 

Now  the  line  oi  the  northern  or  Kea  range,  if  continued  on 
with  only  a  little  more  southing,  strikes  Kilauea ;  while  that  of 
the  southern  points  southward  far  away  from  it.  Kilauea  ap- 
pearSj  therefore^  to  belong  to  the  Kea  or  norihet^n  range  and 
not  to  the  Loa  or  southern ;  and  if  so,  it  is  not  an  appendage 
to  the  latter,  or  to  Mt.  Loa,  one  of  its  volcanoes. 

There  is  seemingly  a  "clincher"  to  this  argument.  The 
great  craters  are  generally  situated  over  the  intersection  of  two 
Assures,  one  of  which  is  the  course  of  the  range  of  islands  and 
the  other  transverse  to  it,  as  stated  by  Mr.  J.  M.  Alexander.* 
Now  the  line  of  the  Kea  range  strikes  Kilauea  very  nearly  at 
right  angles  to  its  longer  diameter  in  accordance  with  this  rule. 
Further,  the  line  of  the  Loa  range,  or  better  a  line  from  the 
summit  of  Hualalai,  strikes  Mt.  Loa  precisely  in  the  same  way. 
This  coincidence,  which  the  map  well  shows,  seems  therefore  to 
prove  that  Kilauea  belongs  to  the  Kea  range  and  not  to  the 
Loa.  The  substitution  of  a  line  from  Hualalai  for  that  from 
Kahoolawe  is  reasonable,  because  the  fissures  over  which  the 
Hawaiian  volcanoes  were  formed  were  probably  independent 
for  each  island,  though  conforming  to  the  general  system.  The 
summits  of  Kea  and  Loa  are  corresponding  points  in  the  two 
ranges,  and  Kilauea  is  an  advance  of  one  stage  beyond  Kea  in 
the  Kea  range ;  it  is  owing  to  this  that  the  longer  diameters 
of  the  Loa  crater  and  Kilauea  make  an  angle  with  one  another 
of  about  32°.  It  is  interesting  to  note,  also,  that  the  longer 
diameter  of  the  crater  of  Mt  Loa,  or  especially  its  southern 
half,  points  to  the  top  of  Mt.  Kea ;  and  that  a  line  from  Loa  to 
Kea  is  nearly  parallel  to  one  between  Hualalai  and  Kohala ;  so 
that  the  parallelogram  enclosed  has  angles  nearly  of  70°  and 
110°.t 

*  This  volume,  pajje  38. 

t  Mr.  W.  L.  Green,  ia  his  "Vestiges  of  the  Molten  Globe,"  brings  forward  a 
theory  for  the  origin  of  the  general  features  of  the  globe,  which  supposes  its  de- 
ionnatioQ  from  contraction  on  cooling  to  have  developed  feature  lines  crossing  at 
•n^es  of  60° — a  "tetrahedral   symmetry" — and,  subordinately  to   these   other 
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Notwithstanding  the  independence  of  Kilauea,  there  may 
still  at  times  be  evidence  of  some  sympathy ;  for  the  two  great 
active  lava-columns  are  only  twenty  miles  apart. 

The  evidence  does  not  make  it  certain,  however,  that  Kilauea 
originated  as  early  in  the  history  of  Hawaii  as  either  Eea  or 
Loa ;  for  the  original  fracture  extending  in  that  direction  from 
Kea  may  at  first  have  been  sufficient  omy  to  let  out  a  flood  of 
lavas,  and  subsequently  have  been  further  opened  and  crossed 
by  a  greater  fissure,  so  as  to  produce  over  it  the  permanent 
Kilauea  vent. 

5.  Whatever  the  fact  as  to  the  relations  of  Kilauea  and  Mt.  Loa, 
I  believe  they  still  sustain  my  old  conclusion  that  volcanoes  are 
not  safety-valves  ;t  for  "  if  while  Kilauea  is  open  on  the  flanks 
of  Mount  Loa,  lavas  still  rise  and  are  poured  out  at  an  elevation 
of  10,000  feet  above  it,  Kilauea  is  no  safety-valve  even  for  the 
area  covered  by  the  single  mountain.  Volcanoes  are  indexes 
of  danger ;  they  point  out  the  portions  of  the  globe  which  are 
most  subject  to  earthquakes."  The  safer  place  is  somewhere 
else.  And  among  volcanic  mountains,  one  that  is  really  dead 
is  a  preferable  neighbor  to  the  volcano  that  has  been  smoulder- 
ing from  time  immemorial.  For  the  emission  of  heat  by  hot 
springs,  geysers  or  fumaroles  within  a  dozen  miles  is  prettr 
good  evidence,  as  at  Tarawera,  I»Jew  Zealand,  that  liquid  roct 
IS  at  no  very  great  depth  below ;  too  deep  to  receive  from  de- 
scending waters  the  moisture  that  may  contribute  energy  to  the 
tires  and  produce  volcanic  activity,  but  not  too  deep  to  be 
opened  on  an  extreme  emergency,  so  as  to  give  entrance  to  a 
flood  of  waters  for  the  most  terrific  of  eruptions. 

CONTRAST  BETWEEN  VOLCANOES  OF  THE  MT.   LOA  AND 

VESUVIUS  TYPES. 

The  marked  contrast  between  volcanoes  of  the  Mt  Loa  and 
Vesuvius  types  based  on  the  liquidity  of  the  lava,  making  Mt. 
Loa  discharges  to  be  almost  solely  outflows,  and  those  of  Yesu- 
vius,  both  upthrows  of  cinders  and  outflows  of  lava,  has  been 
suftieiciitly  explained  (xxxv,  28).  With  this  exception,  the 
contrast  as  to  their  eruptions,  as  well  as  to  their  ordinary  ac- 
tion, is  far  less  than  is  genenilly  siipj)()sed. 

lines  at  rijflit  ancrlefl  to  the  sides  of  the  triangle.  His  map  of  the  Hawaiian 
Islands,  wliicli  is  covered  witli  triangles,  represents  one  of  those  lines  as  merid- 
ional, and  one  accordant,  consequently,  with  the  mean  trend  of  the  group,  or 
nearly  so.  On  page  147  of  his  work,  it  is  stiitud  that  contirraatiou  of  his  hypothesis 
is  seen  in  the  fact  "that  the  direction  of  the  longer  axis  of  the  elliptical  crat«rs  of 
Mokuaweoweo  and  Kilauea  is  N.  :<0'  K."  Hut  the  facts  appear  to  be  that  the 
longer  axes  of  th(^  two  craters  diverge  H2"  in  direction,  and  that  of  Kilauea  has 
nearly  the  course  X.  52"  K.  Moreover,  the  trend  of  the  island  volcanoes  of  the 
group  varies  greatly  in  going  from  one  end  of  the  range  to  the  other,  and  in  this 
the  Hawaiian  is  like  other  ranges  over  tlie  ocean. 
X  Kxpl.  Kxped.  Report,  p  221. 
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There  is  no  reason  to  regard  the  forces  as  different  in  kind 
-  mode  of  action.  If  the  outside  waters  gain  slow  access,  at 
^pths  below,  to  the  lavas  for  the  ordinary  action  of  a  volcano 
I  Hawaii,  they  can  at  Vesuvius;  and  the  force  from  the 
K^ping  vapors  that,  in  this  ordinary  action,  will  make  jets  of 
,va  of  30  feet  to  600  feet,  will  make  jets  of  cinders  of  far 
neater  height.  Moreover,  as  the  erupting  force  at  Mt.  Loa  in 
on-exploFive  eruptions,  is  not  due  to  vapors  inside  the  lava-col- 
mn,  since  it  does  its  chief  fracturing  part  way  down  and  seme- 
mes far  down  the  mountain  instead  of  about  the  summit,  and 
inses  a  quiet  condition  in  the  crater  instead  of  violent  action, 
)  it  is  essentially  at  Vesuvius.  In  explosive  eruptions  at  Ve- 
ivius,  on  the  contrary,  thp  explosive  force  is  due  to  vapor-gen- 
ration  inside  of  the  lava- cauldron,  the  projectile  action  being 
astly  increased,  as  at  Tarawera  in  1886  and  Krakatoa  in  1883 
)age  104). 

As  the  observations  at  Vesuvius  of  Scacchi  and  others  have 
aown  (and  my  own  two  visits  to  Vesuvius,  one  just  before  an 
ruption,  enable  me  to  appreciate)  high-lava  mark  in  the  vol- 
ano,  or  that  of  readiness  for  a  discharge,  is  attained  in  the 
ime  way  essentially  as  in  Kilauea.  After  a  down-plunge  fol- 
)wing  an  eruption  (as  a  result  of  the  undermining),  leaving 
le  crater  hundreds  of  feet  in  depth  and  the  upper  extremity 
f  the  lava-column  at  a  still  lower  level,  work  again  soon  com- 
lences,  provided  the  lava-column  was  not  so  profoundly  cooled 
ff  by  the  aggressive  waters  and  vapor-generating  as  to  be  left 
X)  deeply  buried.  For  a  while  the  fractures  in  the  bottom  of 
le  crater  emit  only  vapors.  Later,  projectile  action  begins  at 
ne  or  more  points,  maldng  conical  cinder-deposits  by  the  peri- 
3ntric  action,  with  now  and  then  an  addition  to  the  inside  accu- 
lulations  from  small  outflows  of  lava  about  the  bases  of  the 
3nes  or  from  their  vents.  The  throws  of  cinders  and  flows  of 
iva  are  kept  up  at  irregular  intervals,  and  the  level  of  the  floor 
ises.  After  tne  height  within  has  become  much  increased, 
nail  fissures  occasionally  open  through  the  outside  slopes  and 
it  out  some  lava ;  but  the  ejections  are  mostly  retained  inside 
xcept  in  the  later  period  of  progress  when  some  of  the  high- 
irown  cinders  may  fall  over  the  outside  of  the  mountain  or 
rift  away  with  the  wind.  Years  pass ;  and  finally  the  crater's 
ottom,  bearing  a  large  cinder  cone,  or  more  than  one,  reaches 
lat  high  level  in  which  it  becomes  actually  the  summit-plain 
f  Vesuvius,  and  the  fires  are  visible  in  the  cracks  of  the  plain 
3cause  the  liquid  lavas  are  nofe  far  below  it.*     High-lava  mark 

thus  attained  and  an  eruption  may  be  at  hand.  Severe  earth- 
aakes  are  not  needed  in  tne  work  any  more  than  at  Kilauea. 

*  I  may  refer  here  to  a  cut  representing  Vesuvius  in  this  condition  in  my  Text- 
K>k  of  Greology,  made  from  my  sketch  in  1 834,  and  to  a  paper  in  this  Journal 
r  1836. 
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How  far  the  ascensive  force  in  the  lava-colnmn  contribntes 
to  the  change  of  level  in  the  floor  of  Vesuvins  nobody  knows. 
The  question  has  hitherto  hardly  been  considered.  It  prob- 
ably does  its  part,  for,  the  liqaid  lava  rises  with  the  rising 
floor,  following  it  closely. 

With  the  column  of  liquid  lava  thus  lengthened,  making  the 
mountain  ready  for  a  discharge,  the  danger  of  catastrophe  is 
great  for  the  same  reasons  as  at  Kilauea.  But  the  danger  is 
greater  than  there.  It  is  greater  because  the  forces  from 
vapor-generation  and  hydrostatic  pressure  have  a  weaker 
mountain  to  deal  with — one  that  has  steeper  sides  and  there- 
fore thinner  walls  to  the  lava-cauldron,  and  walls  that  are 
partly  cinder-made.  It  is  greater  because  also  of  the  neaniegg 
of  the  lava-column  to  the  sea,  the  distance  being  only  four 
miles,  while  in  the  case  of  Kilauea  it  is  over  nine  miles  and  in 
Mt.  Loa  over  twentv;  so  that  at  Vesuvius  water  from  two 
sources,  the  sea  and  the  land,  is  close  by. 

Causes  that  produce  earthquakes  may  make  a  rent  in  the 
Vesuvian  lava-conduit  that  will  let  in  water  for  an  explosive 
eruption ;  but  usually  it  opens  the  way,  ajB  at  Mt.  Loa,  for  a 
comparatively  quiet  escape  of  lava,  however  disquieting  the 
event  may  be  ta  deluged  villages. 

The  loss  by  upthrows  and  outflows  tends  to  produce  a  sink- 
ing or  down-plunge  of  the  floor  of  the  crater,  aud  some  fall  of 
its  walls  to  the  new  bottom,  as  in  Kilauea.  At  the  Kilaoea 
eruption  of  1886,  the  outflow  drew  off  the  lavas  of  a  lava-lake 
hall  a  mile  in  diameter ;  the  crust  of  lava  that  covered  the 
borders  of  the  lake,  along  with  portions  of  the  walls,  conse- 
quently sunk  down,  and  the  cavity  or  crater  left  by  the  dis- 
charge was  half  a  mile  across  and  between  500  and  600  feet  in 
depth.  This  is  little  different  from  the  ordinary  event  in 
Vesuvius,  except  that  the  loss  by  the  discharge  at  Kilauea  is 
almost  solely  by  outflow,  and  no  high,  weak-sided  cone  sur- 
rounds the  vent  to  suffer  from  the  disaster.  It  is  true  that  the 
Kilauea  lava-lake  in  the  eruption  just  referred  to  occupied  only 
a  small  part  of  the  great  crater.  But  its  diameter  was  as  laree 
as  the  lava  cauldron  of  Vesuvius  has  been  before  any  of  its 
modem  eruptions ;  and  the  movements  in  the  lake  were  the 
same  that  would  take  place  were  all  Kilauea  one  great  lake. 

Explosive  erui)tions  might  prove  more  disastrous  to  a  Vesu- 
vian cone  than  to  one  of  massive  Mt.  Loa  style ;  but  not  be- 
cause the  explosicm  has  the  power  of  blowing  off  the  moun- 
tain's summit — which  failed  to  happen  at  Tarawera  in  1885 
although  the  vent  was  dosed  and  is  not  a  possibility  when  the 
vent  is  an  open  one — but  chiefly  because  a  steep-sided  moun- 
tain is  likely  to  lose  more  in  height  than  a  broad  lava-cone  from 
the  same  amount  of  undermining. 
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■ 

N^  msLj  hence  conclude  that  (1)  Vesuvius  and  Mt.  Loa  are 
iructive  examples  of  the  effects  of  the  same  volcanic  forces 
methods  under  different  conditions  as  to  rock  materials.and 
t ;  and  (2)  systematic  study  inside  of  craters  hetween  vol- 
ic  eruptions  is  what  the  science  most  needa 

n  another  paper,  the  results  of  volcanic  action  will  be 
ther  illustrated  from  observations  made,  the  past  year  and 
lier,  in  the  islands  of  Maui  and  Oahu. 


;T.   XVIIT. — On  the  form<ition  of  deposits  of  Oxides  of 
Manganese;  by  F.  P.  Dunnington. 

Tn  explanation  of  the  transfer  of  compounds  of  manganese, 
lich  has  taken  place  in  the  formation  of  geological  deposits, 
\  only  agency  mentioned  in  works  on  cnemical  geology  as 
dng  prominent  part  is  that  of  carbonated  water,  forming 
3.  soluble  manganese  bi-carbonate.      Dr.  Bischof  remarks,* 
Vith  regard  to  the  formation  and  alteration  of  manganese 
ir,  the  same  relations  obtain  as  in  the  case  of  iron  spar." 
jwever,  Fresenius  has  shownf  that  bi-carbonate  of  iron  and 
manganese  are  obtained  under  different  conditions.     There 
possibly  a  hint  of  the  formation  of  manganese  sulphate 
7en  by  Kersten,^  but  it  is  not  definitely  mentioned. 
I  propose  in  this  article  to  call  attention  to  the  probability 
it  manganese  sulphate  has  taken  a  very  important  part  in 
B  formation  of  deposits  of  manganese  ores. 
Bunsen's  analytic  method  for  the  valuation  of  manganese 
Bs  is  based  upon  the  fact  that  an  acid  solution  of  a  ferrous 
t  will  dissolve  the  higher  oxides  of  manganese,  with  the  for- 
ition  of  a  corresponaing  amount  of  a  lerric  salt.     Having 
served  the  promptness  with  which  such  solutions  are  effected, 
;ras  led  to  make  some  examination  of  the  action  of  similar 
[utipns  upon  compact   forms  of  oxide   of   manganese,  and 
rther  to  ascertain  some  of  the  conditions  under  which  solu- 
»n8  of  ferrous  sulphate,  ferric  sulphate  and  manganese  sul- 
late  are  decomposed.     With  this  in  view,  the  following  ex- 
riments  were  made: 

let.  There  was  prepared  a  solution  of  ferrous  sulphate  and 
Iphuric  acid  in  such  proportions  as  would  result  from  the  ox- 
ation  of  iron  pyrites  and  solution  in  25  parts  of  water.  In 
0  c.c.  of  this  solution,  a  lump  of  crystallized  pyrolusite  was 
spended  near  the  top  of  the  liquid  for  48  hours,  resulting  in 

*  Chem.  and  Phys.  Geol.,  vol  i,  p.  57,  trans.  Oav.  Soc. 
\  Loc.  cit.,  vol.  iii,  p.  531. 
X  Loc.  cit,  vol.  i,  p.  160. 
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dissolving  a  thickness  of  '804  mm.  (as  calculated  from  the  spe- 
cific gravity  of  the  mineral,  area  of  the  surface  exposed  and 
loss  of  weight) ;  a  rate  of  solution  equivalent  to  6  inches  in 
one  year. 

2(i  A  lump  of  compact  psilomelane  was  similarly  suspended 
in  the  acid  ferrous  solution  and  a  thickness  of  '506  mm.  wis 
dissolved  in  48  hours ;  equivalent  to  3'78  inches  in  one  year. 
In  each  of  the  foregoing  experiments  a  corresponding  amount 
(45  and  12  per  cent  of  the  total)  of  the  ferrous  salt  was  con- 
verted to  ferric. 

3d.  A  glass  tube  3  cm.  in  diameter  and  20  cm.  in  length, 
contracted  at  one  end,  was  filled  \vith  a  mixture  of  coarse 

Eowders  of  psilomelane,  75  grm.,  disintegrating  pyrites  (from 
[arienburg  near  Bonn),  100  gnu.  and  glass.  Through  this 
tube  two  liters  of  water  were  allowed  to  percolate  in  the 
course  of  24  hours,  and  in  the  liquid  was  found  manganese  sul- 
phate, 7  grm.,  ferric  sulphate,  1*45  grm.  and  sulphuric  acid, 
4*34  grm. 

4th.  Through  the  above  tilled  tube,  two  liters  more  of  wa- 
ter were  similarly  passed  and  this  dissolved  of  manganese  sul- 
phate, '154  grm.,  ferric  sulphate,  '07  grm. 

6th.  Through  the  above  filled  tube,  two  liters  more  of  wi- 
ter  were  passed,  while  a  continuous  current  of  air  was  drawn 
through  the  tube ;  this  dissolved  of  manganese  sulphate  "292 
grm.,  with  about  -07  grm.  of  ferric  sulphate. 

6tli.  The  glass  tube  was  then  refilled,  as  at  first,  but  using  a 
bright  granular  pyrite  (from  Louisa  Co.,  Va.).     The  current 
of  air  was  ke])t  up,  and   two  liters  of  water,  dropping  at  a  ani- 
form   rate,   were    passed    through  the  tube  in  tlie  course  of 
twenty-one  days;    this  dissolved  of  manganese  sulphate  -O^S 
grm.  and  no  iron,  while  a  small  amount  of  ferric  hydrate  wajs 
formed  and  remained  in  the  tube. 

7tli.  A  neutral  solution  of  ferrous  sulphate  digested  (v/W 
with  manganese  carbonate,  air  being  excluded,  no  change  takc?^ 
place  ;  but  when  heated  to  100°  C.  for  two  hours,  considerable 
manganese  sulphate  and  ferrous  carbonate  were  formed. 

8tli.  Ferric  sulj)hate  solution  reacts  immediately  upon  maxi- 
ganese  carbonate,  forming  manganese  sulphate,  ferric  hydrate? 
and  carbonic  acid. 

i)th.  l>y  reason  of  the  fact,  which  is  familiar,  that  ferrout? 
sulphate  solution  is  rapidly  oxidized  when  exposed  to  the  air* 
we  find  that  when  it  is  in  contact  with  manganese  carbonate, 
in  the  ])resence  of  air,  the  manganese  carbonate  is  decomposed, 
forming  manganese  sulphate,  etc.,  as  above.. 

lOtli.  A  neutral  solution  of  ferrous  sulphate  with  calciaiD 
carbonate,  sealed  in  a  tube  under  carbonic  acid,  was  heated  to 
100°  C.   for  two  hours;    mutual    decomposition  took   plaee, 
forming  ferrous  carbonate  and  calcium  sulphate. 
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1.  Ferric  sulphate  solution  reacts  immediately  upon  cal- 
jarbonate,  forming  calcium  sulphate,  ferric  hydrate  and 
lie  acid. 

1.    Ferric  sulphate  solution  digested  cold  or  hot  with 
jred  manganese  oxide  was  not  altered. 
1.  Ferric  sulphate  solution  was  digested  cold  for  nine 
«rith  sawdust  and  powdered    psilomelane;   considerable 
inese  sulphate  was  formed. 

1.  Manganese  sulphate  solution  is  not  altered  by  expos- 
air,  but  when  so  exposed,  and  also  in  contact  with  cal- 
3arbonate,  manganese  oxide  is  gradually  formed. 
1.  Manganese  sulphate  solution,  digested  cold  with  cal- 
carbonate  in  a  sealed  tube,  is  not  altered  ;  when  heated, 
3ebly  affected,  a  little  manganese  carbonate  being  formed, 
sriew  of  the  foregoing  observations  and  results,  it  appears 
le  that  many  deposits  of  manganese  in  calciferous  rocks 
aeir  formation  to  the  action  of  solutions  of  sulphates,  and 
ly  an  illustration  of  such  action  is  presented  in  the  man- 
i  deposits  of  Crimora,  Augusta  Co.,  Va.,  which  occur 
the  following  conditions. 

:he  Shenandoah  Valley,  the  upper  portion  of  formation 
^rs)  is  composed  of  shales  which  are  well  decomposed 
great  depth,  interspersed  with  remaining  calciferous 
i,  and  as  they  pass  westward  these  alternate  with,  and  are 
ided  by,  ledges  of  siliceous  limestone.  In  these  decom- 
shales,  we  find  pure  neutral  iron  ores,  free  from  manga- 
and  associated  with  them  there  are  manganiferous  limon- 
id  also  psilomelane  of  high  grade,  frequently  appearing 
ve  grown  in  similar  condition,  and  sometimes  the  same 
8  composed  in  part  of  manganese  and  in  part  of  limonite. 
of  the  Potomac,  no  pyrites  is  visible  in  these  shales,  pos- 
jwing  to  the  great  depth  to  which  they  have  been  de- 
)sed ;  but  at  Harper's  Ferry,  the  iron  ore  lying  in  the 
geological  horizon  has  been  worked  down  until  compact 
8  has  been  reached.  The  presence  of  the  pyrites  in  the 
renders  it  probable  that  it  did  exist  extensively  in  the 
above  described. 

uming  that  pyrites  did  thus  exist,  generally  distributed, 
ght  expect  a  deposition  of  ores  to  have  occurred  in  some 
nanner  as  the  following. 

lere  pyrites  has  been  deposited  and  subsequently  has  been 
3d  by  reason  of  erosion,  the  outcrop  is  gradually  con- 
l  into  limonite  bv  weathering,  and  the  acid  solution  of 
IS  sulphate  which  sinks  into  the  underlying  deposits, 
3arry  with  it  all  manganese  associated  with  the  decom- 
\  sulphide,  also  that  in  any  disintegrating  silicates  and 
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Biich  as  h  distributee!  through  tlie  soil  in  the  formof  oxidad 
oarhonate.  As  this  6ohiti«>n  is  exposed  to  the  air  or  nttl 
with  caleium  carbonate,  it  will  lose  iron,  the  calcium  aAooft 
removing  all  free  acid,  and  an  excess  of  the  latter  rock  vilft 
move  all  iron  from  the  solution,  as  ferrous  carbonate,  wbiktk 
mangimese  sulphate  would  remain  in  solution  until  eipoaeilto 
both  air  and  calcium  carbonate  at  the  same  time.  Of  cook. 
the  depi>sition  of  either  iron  or  manganese  oxides  from  sot 
tions  of  sulphates  by  action  of  calcium  carbonate  result? in tk 
formati«m  of  calcium  sulphate,  which  is  carried  away  in  wl* 
tion  in  the  water:  ><»  that  the  ciilciura  is  either  wholly « a 
part  rtMuoved  fn»m  the  strata  in  which  such  deposits  IR 
formed,  an«l  we  would  exjiect  to  tind  only  oecasioDal  ledp 
n»maining  as  we  rin«l  in  the  vicinity  of  the  Crimora  depost 

An  additional  argument  frir  the  transportation  of  manguwe 
as  sulphate  rather  than  bi-carbonate  lies  in  the  great  depthit 
which  some  deposits  of  manganese  are  found  ;  for  the  tew 
bonate  would  de}H»sit  oxide  •»f  manganese,  wherever  fl* 
iH^si'd  to  the  air,  while  the  sulphate  would,  where  caloiametf- 
l>onatc  had  Kvn  previously  removed,  need  to  penetrate  toi 
gi\»atcr  depth  before  reaching  the  conditions  for  its  depoa- 
tion.  Moivover,  tlie  fact  «»f  the  c« aicentration  of  the  inip- 
nose  in  niasses  patlur  than  its  general  distribution  through tbe 
decomposi^l  >hale  wnuld  indicate  that  some  c^^ndition  tdfr 
tional  to  the  ex]H»sure  t«'«'xygeTi  liad  determined  its depositiflft. 

It  is  also  t.^  l>e  noted  that  afttr  all  -ulphur  is  removed  from 
ihe  overlviui:  str.ua.  x\\v  >v.^»>e  ;r.vTn  .iOtion  of  carbonated  «ter 
might  tlien  iVv-.isi'Ti  -^oiur  Tr.tii-rVr  ;i!id  nniistribntion  of  tw 
pn*vitm>lv  fonne*:  i.K^'"^::>. 
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Despite  the  diversity  of  methods  of  discussion  and  the  elab- 
oration of  evidence,  the  results  do  not  in  any  case  so  fully  rep- 
resent the  phenomenon  as  to  lead  to  general  acquiescence  in  one 
elementary  physical  hypothesis.  Boltzmann's  theory  is  per- 
haps the  most  powerful  and  is  elegantly  worked  out ;  but  it  is 
purely  mathematical  in  character.  Maxwell's  theory  has  the 
broadest  physical  basis,  although  left  by  its  author  in  shape 
merely  of  a  terse  verbal  sketch. 

Now  it  seems  to  me,  if  indeed  I  may  venture  any  assertion, 
that  Maxwell's  theory  is  a  version  of  Williamson's*  theory  of 
etherification,  and  of  Clausius'sf  theory  of  electrolysis.     The 
transition  made  is  from  unstable  groupings  of  atoms  to  unsta- 
ble grouping  of  molecules.     But  preserving  minutely  all  the 
essentials   oi   Maxwell's  argument,   the   experiments   of  this 
paper  permit  me  to  go  one  step  further,  by  which  viscosity  is 
a  phenomenon  evoked  by  certain  changes  of  molecular  struc- 
ture, the  inherent  nature  of  which  is  ultimately  chemical.     I 
say  chemical    because  if  molecular   break  up  occur,  cardinal 

Questions  at  once  arise  as  to  the  manner  ot  removal  of  the 
ebris;    and  the  phenomenon  thus  depends  not  only  on  the 
past  history,  but  on  the  immediate  future  history  of  the  typical 
ffiean  configuration.     The  analogy  of  the  three  theories  is  very 
<^^ose,  so  that  they  admit  of  generic  classification.     They  are 
examples  of  the  invasion  of  statistical  method  into  liquid  and 
solid  molecular  kinetics. 

The  behavior  of  steel  when  regarded  as  a  viscous  solid  and 
JD  the  light  of  known  facts, J  is  convincingly  in  favor  of  the 
^i^^  to  be  advocated ;  and  it  was  the  direct  bearing  of  some  of 
^lie  results  on  Clausius's  theory  of  electrolysis,  that  led  me  to 
suspect  a  chemical  explanation,§  before  I  became  aware  of  the 
existence  of  Maxwell's  article.  To  show  how  clearly  Maxwell's 
theory  interprets  the  complex  and  almost  anomalous  phenom- 
ei^a  of  viscosity  exhibited  by  steel,  is  the  chief  endeavor  of  the 
present  paper ;  but  I  shall  also  add  other  matter. 

2.  It  IS  desirable  to  pass  in  brief  review  the  divers  hypothe- 
ses on  the  nature  of  solid  viscosity  to  which  I  have  referred. 

O.  E.  Meyer's!  theory  is  the  earliest  and  most  direct.  It 
discusses  the  action  of  elastic  forces  in  a  medium  of  imperfect 
elasticity,  and  develops  formulse  to  express  the  diminution  of 

*  Williamson:  Ann.  d.  Chem.  u.  Phann.,  Ixxvii,  p.  37,  1861. 

t  Clausius:   Pogg.  App.,  c,  p.  353,  1857;  ibid.,  oi,  p.  338,  1857. 

X  I  refer  in  particular  lo  the  work  of  Dr.  Strouhal  and  myself.  These  papers, 
eyatematically  discussed  and  enlarged,  are  embodied  with  much  new  matter  in  the 
BuUetineof  the  U.  S.  Geological  Survey,  viz:  Bull.  No.  14,  pp.  1  to  226,  1885; 
B«U.  No.  27  pp.  30  to  61,  1886;  Bull.  No.  35,  pp.  1 1  to  60,  1886  ;  Bull.  No.  42,  pp. 

g^  ^31,  1887.     Other  referencas  are  given  in  the  text. 

5,^18  Journal,  III,  zzxiii,  p.  2H,  1887.  It  is  much  to  be  regretted  that  Max- 
^i  w  ^^®ory  "^88  published  out  of  the  line  of  a  physicist's  usual  routine  reading. 

I  Weyer:  Pogg.  Ann.,  cli,  p.  108,  1874. 
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stress  in  virtue  of  the  occurrence  of  internal  friction.*  The  I 
results  to  which  Meyer's  formula  eventually  leads  are  incom-    i 

;lete  and  were  not  fully  verified  by  subsequent  experimeBt 
'he  theory  is  therefore  sharply  antagonized  by  Boltzmann^f  by 
StreintZjJ  and   by   Kohlrausch.§     In   a   later  paper  Meyerf 
partially  assents  to  these  adverse  views,  acknowledging  that 
the  theory  does  not  reproduce  the  phenomenon  actually  ol>— 
served.     It  also  fails,  as  Kohlrausch  (1.  c.)  pointed  out,  in  pre^ — 
dieting  an  insufficiently  slow  time  of  occurrence.     After  givin^^ 
reasons  for  dissenting  from  Boltzmann's  and  from   Neesen'^ 
hypotheses,  Meyer  proceeds  to  partially  develop  an  older  id 
of  Weber's.^     This  physicist  referred  viscosity  in  solids,  t 
partial  molecular  rotation,  a  view  adopted  by  Kohlrausch,**  b; 
whom  it   has  been  more   clearly  interpreted.     The  rotation 
underlying  Weber's  phenomenon  are  considered  identical  withn 
the  rotations  of  molecule  postulated  by  Clausiusft  '^^  discusap^ 
shear.    Following  Meyer  and  others, ''  elastische  Nachwirkung'^^ 
is  a  possible  occurrence  in  liquids. 

Boltzmann'sji  theory,  amplifying  deductions  of  Lamy  and  (k  i 
Clebsch,  is  based  on  the  assumption  that  the  elastic  forces  ar— ; 
dependent  not  only  on  the  present  but  on  the  preceding  d^^- 
formations  of  the  body.  The  elBEect  of  earlier  states  of  street* 
on  the  existing  stress  diminishes  with  the  intervening  tim  ^ 
but  is  independent  of  intervening  states  of  stress.  Dinerem.'* 
viscous  deformations  are  supcrposable.  Boltzmann's  theoiy? 
therefore,  presupposes  the  phenomenon§§  and  brings  the  la^^e 
of  viscosity  tersely  into  formulae.  If  a>  is  an  interval  of  tiia« 
reckoned  back  from  t-o}^  when   the  strain  Oi_^  existed,  tbexi 

Boltzmann's  law  may  be  clearly  exhibited  in  its  application  tx> 
the  problem  of  vibration  of  a  viscous  solid.  Given  a  wire  o'f 
the  solid  of  length  I  and  radius  B.  Let  the  upper  end  b^ 
fixed,  and  the  lower  end  be  attached  to  a  heavy  bob,  whoe^ 
moment  of  encrtia  for  the  given  conditions  is  JK,  Then  tho 
equation  of  motion  is  (slow  oscillation  presupposed) 

*  Following  the  uwige  of  the  term  by  Navier,  Cauchy,  Poisson,  St.  Venao'tT 
Stokes,  Stefan.     Cf.  Meyer,  1.  c. 

f  Boltzmann :   Fogg.  Add,  Erganzb.  vii,  p.  624,  1876. 

1  Streintz:   Pogg.  Ann.,  civ.  p.  oSS,  1875;  ibid.,  cliii,  p.  405,  1874. 

§  Kohlrausch:   Pogg.  Ann.,  dx,  p.  225,  1877. 

I  Meyer:   Wied.  Ann.  iv.  p.  240.  1878. 

^  Weber:   Pogg.  Ann.,  xxxiv,  p.  247.  1835;   ibid.,  liv,  p.  1,  1841. 

**  Kohlrausch:   Pogg.  Ann,  cxxviii,  p.  413,   1806:  of.  also  ibid.,  cxix,  p.  33 '^ 
1863. 

ff  "  Wenn  ein  soldier  Kiirpor  fremden  Kraften  unterworfen  wird,  die  Ton  r^  * 
schiedcnen  Seitcn  ungleieh  unf  ihu  wirken,  also  z.  B.  naeh  einer  Dimension  fc^.* 
dehnt  wird,  wahrend  er  nach  anderen  Diinensionen  frei  bleibt  oder  gar  zusamm^?'"^ 
gedriickt  wird,  dann  die  Molekiile  ueben  Hirer  Yerschiebung  sich  auch  c 
drehou  konnen.  induni  sic  in  Bezug  auf  ihre  Kruftrichtung  den  ungleichen  S] 
ungon  etwas  folgen.  ..."  Pogg.  Ann.,  lixvi,  p.  66,  1849. 
Boltzoiann:  Pogg.  Ann.,  Erganzb.,  vii,  p.  624,  1876. 
Kohlrausch:  Pogg.  Ann.,  clx,  p.  227,  1877. 
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dt^ 
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here  D  is  the  moment  of  the  applied  couple,  //  Lamy's  con- 
ant  and  ip  some  function  of  o), 

Heplying  to  Meyer's  critique  that  a  theory  of  this  kind  is  at 
iriance  with  the  present  state  of  knowledge  in  atomistics, 
altzmann*  disclaims  all  present  purpose  to  connect  his  theory 
ith  definite  physical  hypotheses.  He  points  out,  however, 
at  the  assumed  dependence  of  the  existing  strain  on  fore- 
>iiig  deformations,  is  easily  justified  when  the  simultaneous 
langes  of  molecular  configuration  are  taken  into  account :  for 
is  not  necessary  to  suppose  that  the  elastic  forces,  as  such^ 
tve  any  dependence  on  the  preexisting  stress.  The  changes 
configuration  in  question  are  closely  similar  to  Maxwell's,  so 
at  in  tins  respect,  Boltzmann's  theory  may  be  looked  upon  as 
le  form  of  mathematical  development  of  Maxwell's  physical 
'pothesis.  I  may  add  that  Boltzmann  tested  his  theory  with 
ta  of  Kohlrausch,  Neesen,  and  Streintz.  A  special  series  of 
periments  subsequently  undertaken  by  Kohlrauschf  give 
ditional  strength  to  Boltzmann's  deductions.  The  theory 
68  not,  however,  predict  permanent  set. 
A  theory  similar  to  Boltzmann's,  but  atomistic  in  character, 
iue  to  iNeesen.ij:  It  also  assumes  tlie  occurrence  of  solid  vis- 
•itj.  Neesen  distinguishes  the  forces  producing  and  retard- 
r  motion  and  the  final  purely  elastic  forces  which  obtain 
^n  viscous  motion  has  subsided.  Neesen  practically  postu- 
^  a  change  in  the  constants  of  elasticity.  Warburg§  objects 
Neesen's  deductions  because  they  contain  no  reference  to  the 
en  of  the  molecule.  Meyer  (1.  c.)  fails  to  find  in  it  definite 
sal  relations  to  the  observed  viscous  motion. 
^Taun'sf  research,  though  largely  experimental  in  character, 
^Tves  mention  here,  because  of  special  light  which  it  throws 
t;lie  superposition  of  different  viscous  deformations.  Ex- 
iting in  glass,  he  finds  that  these  molecular  motions  jio  not 
^  place  independently  of  each  other.  He  concludes  that 
Stic  and  viscous  deformations  owe  their  occurrence  to  forces 
different  origin,  and  he  refers  viscous  motion  to  the  partial 
a.tions  postulated  bv  Weber  and  Kohlrausch. 
^arburg,^  followmg  out  the  suggestions  contained  in 
ilia's  results,  formulates  a  new  theory  in  which  viscosity  is 

.^Uzmaiin:  Wied.  Ann.,  v.  p.  430,  1878. 

^ohlrauach:  Pogg.  Ann.,  clx,  p.  225,  1877. 

^IJ^esen:  Pogg.  Ann.,  clvii,  p.  579,  1876. 

^arburg:  Wied.  Ann.,  iv,  p.  233,  1878. 

Y**^Q:    Pogg.  Ann.,  clix,  p.  337,  1876;  cf.  Kohlrausch:  Pogg.  Ann.,  CiX,  p. 

^^arburg:   Wied.  Ann.,  iv,  p.  232,  1878. 
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the  result  of  partial  rotations  of  molecules  of  a  form  other  than 
spherical. 

Nissen's*  theory  is  unique.  He  considers  the  ether  in  the 
space  surrounding  the  body,  in  its  relations  to  the  ether  within 
the  intermolecular  spaces  of  the  body ;  and  he  bases  his  theory 
on  the  conditions  under  which  the  external  ether  enters  the 
said  intermolecular  spaces,  when  the  body  is  deformed  by  Btrwa. 
He  thus  obtains  both  a  time  and  a  thermal  effect  In  many  re- 
spects this  curious  theory  seems  to  me  to  anticipate  Osborne 
Keynoldef  in  recognizing  the  importance  of  the  "  dilitancy  "  of 
a  granular  medium. 

3.  Maxwell'sif  theory  would  require  more  extended  com- 
ment ;  but  the  terms  in  which  his  views  are  expressed  are  so 
precise,  that  it  is  imiK)88ible  to  abbreviate  them.  cf.  §9, 14. 
Aside  from  the  remarks  of  the  next  paragraph,  the  ideas 
underlying  Maxwell's  theory  have  been  given  by  many  others, 
indeed  by  almost  all  the  ciiief  writers  on  solid  viscosity;  bat 
Maxwell  carries  them  through  consistently  to  a  complete  theory. 

I  have  stated  that  Maxwell's  theory  is  the  analogon  of  Clau- 
sius's  theorv  of  electrolvsis.      Where  the  latter  uses  "Theil 
molecule "  and  electromotive  force  to  effect  chemical  decom- 
position, Maxwell  has  unstable  configurations  and  stress  avail- 
able to  produce  permanent  deformation.    In  Clausius's  case  the 
number  of  decomposable  molecule  (i.  e.  unstable  contigarations 
as  regards  the  action  of  electromotive  force),  in  any  given  case 
of  actual  electrolysis,  is  practically  infinite.     This  corresponds 
to  Maxwell's  viscout^  fluid,  hard  or  soft.     In  a  viscous  solid, 
molecular  configurations  are  present  in  all  degrees  of  stability, 
with  a  sufBcient  preponderance  of  stable  configuration  to  con- 
stitute a  solid  framework.     The  relative  number  of  unstable 
configurations  varies  with  the  viscosity  of  the  material.    If, 
therefore,  I  conceive  the  case  of  an  electrolyte  exhausting  itself 
with  respect  to  electrical  conductivity,  by  the  chemical  decom- 
position induced  by  current,  until  conduction  cease,  I  have  the 
analoggn  of  a  solid  which  is  reaching  the  limit  of  viscous  de- 
formation,    cf.  §21. 

From  this  analogy  it  follows  that  a  solid  (?)  electrolyte  is 
necessarily  viscous ;  whereas  a  viscous  solid  is  only  an  electro- 
lyte when  the  molecules  break  up  into  parts  oppositely  chai^red. 
Again,  a  viscous  solid  (?)  is  probably  more  viscons  when  under- 
going electrolytic  decomposition,  than  when  no  current  passes 
through  it.§     Experiments  to  the  same  effect  can  however  be 

*  Nissen:  Inang.  Dissert..  Bonn.  1880.     (Not  accessible  lo  me.) 

+  Reynolds:  Phil.  Map:.,  V,  xx,  p.  460,  KSS;'. 

T  Maxwell:  1.  c,  p.  311. 

§  I  have  since  been  at  some  pains  to  verify  this  su'mise.  workini?  with  glass  at 
360°.  But  the  experiments  thus  far  are  not  decisive  because  the  amount  of  cur- 
rent passing  through  plass  is  not  only  ver>'  smnll.  but  soon  ceases  entirely  even 
in  the  case  of  ihin-walled  tubes  (Warburg.  Wied.  Ann.,  xxi,  p.  622). 
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aade  with  greater  facility,  if  the  Bolid  operated  on  is  sach  that 
pedal  instability  of  molecular  configuration  is  superinduced 
>y  heat,  instead  of  electrical  action.  Such  a  solid  is  hard  steel, 
n  which  in  addition  to  the  ordinary  thermal  instability,  what 
nay  be  called  a  carburation  instability  of  molecular  coniigura- 
ion  asserts  itself,  even  at  mean  atmospheric  temperatures,  and 
n  the  homogeneous  metal.  Inasmuch  therefore  as  the  gist  of 
Maxwell's  theory  is  instability  of  configuration,  it  follows  that 
:he  evidence  which  can  be  derived  with  reference  to  it,  from 
lard  steel,  must  be  unique  in  character:  for  despite  the 
jxtnjme  hardness  and  elasticity  of  tempered  steel,  instability 
)f  molecular  configuration  demonstrably  exists,*  and  is  distri- 
buted uniformly  throughout  the  metal ;  moreover  the  number 
)f  unstable  groups  can  be  made  to  vary  over  an  enormous 
range,  at  pleasure. 

I  must  distinctly  state,  however,  at  the  outset,  that  Maxwell 
limits  his  considerations  to  configurations  of  molecules.  The 
responsibility  of  fusing  Clausius's  and  Maxwell's  theories  rests 
witn  me.  The  step  is  dictated  by  the  behavior  of  steel,  in 
which  the  integrity  of  the  molecule  is  certainly  invaded  with- 
out producing  essential  diflFerences  in  the  character  or  history 
of  the  viscous  phenomena.  §  18.  I  may  note  that  the  occur- 
rence of  chemical  change  makes  the  hypothesis  verifiable. 

4.  Perhaps  the  experiments  already  made  on  the  viscosity  of 
iteelf  are  a  suflScient  guarantv  for  the  deductions  of  this  paper ; 
but  as  the  above  remarks  clearly  show,  that  data  tending  to 
throw  light  on  the  ultimate  nature  of  viscosity  are  urgently 
sailed  for,  I  shall  add  some  further  experimental  results.  To 
obtain  these  I  made  use  of  a  perfected  form  uf  the  apparatus 
described  elsewhere. :{: 

For  several  purposes  touched  upon  in  the  course  of  the  present 
work,  it  is  necessary  to  indicate  the  theory  of  the  said  appara- 
tus more  fnlly  than  was  done  in  the  earlier  paper.  Given  a 
continuous  straight  steel  wire  of  length  Z,  to  which  a  con- 
venient rate  of  twist,  r,  has  been  imparted.  Consider  two 
right  sections  whose  distance  apart  is  the  unit  of  length,  and 
let  2<p  be  the  amount  of  viscous  angular  uiotion§  of  the  first 
relative  to  the  second,  during  the  given  small  time  ^,  for  the 
Sxed  rate  of  twist  r.  To  fix  the  ideas,  let  the  wire  be  adjusted 
v^ertically,  and  provided  with  an  index  to  register  angular 
[notion  at  a  distance  V  above  the  lower  end.  Then  will  the 
notion  of  the  index  due  to  viscous  detorsion  of  two  sections 

*  B.  and  S  :  this  Journal,  III,  ixxii,  p.  276,  1886. 
B.  and  8.:  this  Jouni:il,  xxxii,  p.  444,  1886;  xxxiii,  p.  20,  1887. 
B. :  this  Journal,  xxxiv,  p.  2,  1887. 
_  In  the  earlier  paper  (xxxiv.  p.  1)  I  erroneously  called  this  quantity  0  instead 
)f  ^^;  but  this  inadvertancy  does  not  conflict  with  the  purposen  of  the  data  there 
jiven. 
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Table  1. — Vncocs  Dbtohsoxb  op  Hasd  Stsbl. 
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?  to  <p^  be  known,  this  equation  is  similar  to  the  preceding, 
general  and  intermediate  cases,  correction  members  mnst  be 
[estimated. 

t  a  series  of  detorsions  <p  be  observed  at  tf®,  and  another 
es,  ^,  at  ^;  if  (p=(p,F{d)  and  <^=n/^jff  (Gauss' method  of 
zlar  measurement),  then  (plF{6)-F(d))={N-n)l RL\n2, 
"&  H  is  the  distance  between  mirror  and  scale  in  cm  and 
•^  iT  and  n  are  the  scale  parts  {cm)  corresponding  to  8° 
^^,  respectively.  Hence  the  distance  of  the  individual 
5^  for  6'  and  d°  apart  varies  directly  as  ^^  This  result, 
g"li  simple  enough,  has  special  bearing  on  the  text  below. 
The  following  tables  exhibit  the  new  results  for  steel. 
1.^  twenty  rods  were  examined.  Table  1,  after  enumerat- 
-iie  rod  ("No."),  and  stating  the  temperature  at  which  it 
i.xinealed  ("  An.")  from  glass-hardness,  gives  the  amount  of 
9  r  (radians),  temporarily  imparted  per  unit  of  length,  and 
-  €p%  the  mean  amount  of  viscous  detorsion,  in  radians  per 

of  length,  observed  immediately  after  the  end  of  the 
inment.      ^(f +^0  is   therefore   the   mean  viscous  efEect 

impressed  on  tiie  system  of  two  vertical  wires.  Hence 
(y+f')=^;r/Z.  Furthermore,  d'  is  the  temperature  of 
lower  wire,  d  that  of  the  ^ipper  wire,  and  {f—(p^)/T  (radi- 

is  the  amount  of  viscous  detorsion,  as  observed  at  the 
•X  between  the  wires,  at  the  time  specified,  per  unit  of  r. 
^rding  this  differential  quantity,  which  is  the  chief  datum 
lie  tables,  it  is  merely  necessary  to  call  to  mind  that  Zf  is 
viscous  detorsion,  per  unit  of  length  of  the  upper  wire,  for 
i^te  of  twist  r ;  and  ^<p^  has  the  same  signification  relatively 
he  lower  (normal)  wire.  The  reference  to  the  unit  of  r  is 
►Hvenience  permissible  when  r,  as  in  the  present  work,  has 
rly  the  same  value  throughout.* 

'he  normal  wire.  No.  7,  with  which  all  the  other  steel  wires 
compared,  is  annealed  from  hardness  at  450°,  and  has  been 
Jted  back  and  forth  till  viscosity  is  practically  unchanged 
further  twisting  within  the  same  limits.  It  is  therefore  in 
ate  of  extreme  viscosity,  and  at  the  same  time  less  liable 
>ermanent  set  than  a  soft  steel  wire.  Its  dimensions  are 
30°°,  radius=/)=0-0405«",  so  that  r=L  The  wire  of  nn- 
Wn  viscosity  is  examined  at  20°  (nearly),  and  immediately 
!•  at  100®.  Two  experiments  are  made  at  each  tempera- 
'  with  r  alternately  positive  and  negative.  When  r  and 
'  <P^)/t  have  the  same  signs  (the  usual  case),  the  lower  wire, 

1,  is  of  greater  viscosity.  In  case  of  ^=100°,  only  a 
'  of  the  upper  wire,  length  a=a— ^,  could  be  heated;  the 
ainder  being  kept  at  the  lower  temperature  d\  Time  is 
veniently  given  in  minutes,  reckoned  after  twisting. 

^B  how  far  such  reductions  are  generally  permissible,  cf.  Weidmann:  Wied. 
.Xix,  p.  220,  222,  1886. 
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Table  1.— Viscous  Dbtomsions  of  Hard  Stbbl. 
/=30«°.     p=0^0405««.     a=28-5«'».     i3=3r5c"«. 
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Table  \— continued. 
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Tabls  1 — amtimmei. 
/=30«.     p=(H)405—      a=2«-5«.     /9s3l-5< 
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The  following   table  2  is  interpolated  from  the  preceding, 
and  contains  mean  values  of  (f — f ')   r,  as  derived  from  thetvo 
twists,  r,  alternately  positive  and  negative.     The  justification 
of  this  mode  of  obtaining  data  for  a  chart  is  given  in  §9. 
Besides  these  data  table  2  contains  the  number  and  temper 
("An."),  and   the  electrical  constant*   (specific  resistance,  *,i 
microhms,  cc,  0°  C.\   as   well    as   the  differences  «,— «/  Mid 
s^^^sj^  in  which  the  subscripts  are  the  temperatures  at  wMct 
s  is  taken,  and  s'  is  the  constant  of  the  normal  rod,  No.  1. 
Hence   these  electrical  differences   correspond  to  (jP"~^')/^i 
when  <?=<)°  C.  and  when  ^=100°  C,  respectively.     For  No.  1, 
V=18-6,  s-8,'=<)  and  (y)-^r')   r=0.     The  values  (f— f')/^ 
are  in  the  same  horizontal  row  with  the  temperatures,  tf,  to 
which  they  belong.     It  is  not  necessary  to  distinguish  *,—«', 


and  5,„— «',oi  here. 


*  For  definition  of  tbermo-electric  hardness,  cf.  Bull.  No.  14.  p.  65. 
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Table  2. 
M  ID*,  at  different 


»,o,-»'„ 

e 

100 

2". 
+  0-00 

6". 

,... 

rimes 

20-. 

-  -10 
+  2-76 

30-. 

-   -13 
+  3^63 

40'°. 

60-. 

6'9 

-    '04 
-K    -83 

+  1'66 

-    14 

-i-4'3e 

-  -IS 
+  4-84 

0-6 
6-6 
0-i 
6B 

20 
100 

22 
100 

33" 
lOO 

19 
100 

-0-00 

-I- 0-00 
0-00 

+  l'69 

+  'Jl 

2-32 

-   '18 
+  2-90 
+    -5(1 

-  -28 

+  4-48 

-1-    -85 

706 

-   -34 

+  B^?B 

+  roo 

B-70 

-  ■38 

+  .-- 

+  1-09 

9-80 

a'fl^io 

-  -40 

+  1-17 
10-80 

1-S 
6-S 

0-00 
0-00 
ll'OO 
000 

1'65 
■09 
4-40 

■2B 

2-90 

■37 

4'60 

■31 

1870 

■43 

■S3 
23-30 

10-3 
IS'S 

■18 

11  ^00 

13-3 

17-7 

•ili 
100 

20 
100 

20 
100 

~i\ 

100 

O'OO 

000 
O'OO 
O'OO 
000 

■BT        1'27 
7-SO  '    16'30 

I'BB 
26-50 

3^30 

-98 
36-70 
2-26 

248 

1-90 
61&0 

sV-eo 

17-8 

■21 
9-0O 

-49 
1900 

■»8 
48-60 
1'2& 
41'00 

'83 
30-30 

2-0« 

G9-B0 
1-67 

iV-3b 

~T84 

I8S 
24'3 
lB-6 
21-0 
14-9 
20-6 

■44 

25-70 
■63 

20- 50 
■*f 

13-00 

-tt: 

000 
O'OO 
ooo" 
0-00 

100 
28-BO 

2-14 

2-33 

20-8 

0-00 

3'SO 

616 

8-83 

10-76 

18* 

■M 

0-00 

i'87 

3-29 

616 

e-3B 

at) 

000 

310 

a-so 

8-SO 

-- 

10-16 

11-46 

'ore  proceeding  to  a  diecasston  of  tlie  resolts  in  tables 
I  -will  insert  a  few  introductory  data  wliicli  hold  for 
tinura.  The  plan  of  talmlatimi  and  comparison  is  the 
that  explained  for  steel,  in  the  remarks  preceding 
T.  here  is  siii;ill.  and  S{ip+if')  large  relatively  to  these 
ause  soft  platinum  is  much  inore  liable  to  assume  per- 
set  than  steel.  Moreover  r  is  impressed  negatively 
int;  the  changes  of  sign  of  {<p—<p')/T  are  explained  in 
below  the  table,  and  it  is  to  this  text  that  the  letters 
.y,  refer. 
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Table  3. 
Viscous  deloraion  of  platiQum  6=0', 


^.  1 1  '-^^ 

i(f +*0 : 1 

i!--' 

1=26-2'- 

-■0867     a         1      -OOO 

-■0436 

A 

t 

-^  O^M 

p=-9iW 

1   15      -4'42 
1        1  37      -6-US 

--o344j       33    -sea 

1 

17 
43 

-41-40 
-SUM 
-814tl 

-■0GB2|  ft   r    2  "-0-00 

-■0773 

M 

-ss^go 

:        1   17'     -3!,9 

-0383     . 

3 

■  -0556  1        •-  U      -4  90 

7 

1  --M43|   c         1,     +l)-00 

26 

IB^SO 

1                               4        2(l'6n 

47 

27  « 

'                             14       46-80 

-0826 

6S 

SOW 

1                 1  2S|     ei-so 

i=2fi-5"" 

-■0396    / 

3 

-  ©■oo 

'-■07<;r, '           44,       71-00 

p=02-|2"" 

8 

-10-M 

1   1   1 

13 
2S 
37 

-I7^S0 
-J950 

1        1        ' 

-■0813 

«6 

-36^80 

The  two  wires  of  table  3  wore  origioally  identical,  bo  that 
the  apparatus  showed  fp=f'.  Both  wires  were  then  twisted, 
but  the  lower  more  than  the  npper.  The  results  under  a  indi- 
cate greater  viscosity  for  the  lower,  a  state  of  things  which  ie 
only  partiallv  wiped  ont  by  annealing  at  red  beat,  in  air,  as 
indicated  under  b.  I  then  commenced  the  experiments  proper 
of  the  table,  by  leaving  the  upper  wire  untouched  and  anneal- 
ing the  lower  wire  at  red  heat.  The  results  under  c  indicate 
an  enormous  difference,  the  un  annealed  wire  being  of  greater 
viscosity.  I  then  left  the  lower  wire  untouched  and  annealed 
the  upper  wire  at  red  heat.  The  results  under  d  again  show 
an  enonnous  diifcrence,  the  un-aiinealed  -wire  (now  the  lower) 
being  of  greater  viscosity.  I  then  again  annealed  the  lower 
wire  only,  obtaining  the  results  under  e,  corresponding  to  f, 
and  iinally  again  annealed  the  ujipcr  wire  only,  obtaining  the 
ntsulte  under  j\  corresponding  to  d.  The  operation  of  alter- 
nate annealing  might  have  Iwen  continued  very  much  longer 
with  pra<'tically  the  same  results.  In  each  case  the  freshly 
aimcalod  wire  shows  a  pronounced  losi*  of  viscosity,  as  com- 
pared with  an  otherwise  identical  wire,  slightly  twisted  beyond 
the  elastic  limit!*. 

As  compared  with  the  effects  of  alloying,  I  found  this  result 
80  large  as  to  compel  mo  to  abandon  my  experiments  on  the 
viscosity  of  series  of  platinum  alloys, — at  least  until  the  me- 
chanical error  in  question  has  bceii  interpreted  and  brought 
under  control. 
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Vhen  two  wires  as  nearly  as  possible  identical  (chemically 
.  physically)  are  compared,  the  question  arises  in  how  far 
josity  may  vary  with  the  time  elapsed  after  annealing. 
B  experiments  made  showed  slight  increase  with  the  time 
en  to  the  molecules  to  subside  after  annealing  in  air.  The 
^itude  of  these  results  is  insignificant  and  often  obscure 
l  by  no  means  comparable  with  the  data  of  table  3.  It 
ows  that  these  are  not  a  direct  heat  effect.  Again  the  sign 
the  twist  T,  in  table  3,  is  the  same  throughout.  It  must 
refore  be  asked  whether  in  these  experiments  an  earlier 
'e  of  viscous  subsidence  overtakes  a  later  stage.  To  throw 
bt  upon  this  point,  it  is  sufficient  to  reverse  tne  sign  of  the 
J5t  alternately,  without  fresh  annealing;  or  to  reverse  the 
n  of  the  twist  with  each  alternate  annealing  of  the  upper 
1  lower  platinum  wire.  In  such  a  case  a  latent  strain,  lav- 
ble  to  motion,  is  imparted  ^o  the  wire  not  annealed.  Ex- 
•iments  which  I  made  in  some  number  show  that  the  results 
table  3  hold  good,  the  character  of  the  motion  being  dimin- 
ed  in  degree,  but  not  in  sign. 

AD  these  results  follow  at  once  from  Maxwell's  theory. 
ey  show  that  the  above  viscous  effect  of  twisting  is  to  be 
erred  to  motion  of  molecules  which  accompanies  it ;  mole- 
es  are  placed  in  new  relations  relative  to  each  other;  un- 
ble  configurations  are  thus  continually  broken  up,  the  action 
winning  at  the  outside  layers.  By  reversing  the  sign  of  the 
Ist,  the  original  configurations  are  only  partially  restored,  at 
it,  even  for  small  permanent  set,  such  as  is  here  in  question, 
lally  the  effect  of  prolonged  and  repeated  twisting  is  stiff- 
»,  because  all  the  unstable  configurations  have  collapsed,  and 
J  intrinsic  molecular  energv  is  the  potential  minimum  com- 
:ible  with  the  given  conditions. 

Jo.  Steel  wires  were  used  in  our  earlier  work,t  free  from 
sion  strain.  The  hard  steel  wires  of  the  present  paper, 
ployed  in  other  researches,  may  contain  twists  stored  up 
e  residual  magnetism.  This  produces  a  kind  of  unilateral 
nmetry,  so  far  as  torsions  are  concerned  ;  but  it  is  not  other- 
>e  objectionable.  In  critical  cases  wires  free  from  latent 
sion  are  selected. 

Fuming  to  table  1,  the  individual  wires  are  found  to  show 
le  differences  of  viscous  behavior :  In  Xo.  2,  the  viscous 
)sidence  takes  place  at  nearly  the  same  rate  for  —  r  and  for 
•,  both  at  »=20°  and  at  ^=100°.  In  No.  8  the  effect  of-r 
i  4- r  is  of  different  magnitude  at  20°,  and  enormously  more 

The  thermal  efifect  without  annealing  is  so  nearly  negligible  as  to  prove  that 
>r.  Schroeder's  work  (Wied.  Ann.,  xxviii,  p.  369,  §§  8,  13,  17.     1886),  the  ob- 
red  result  is  to  be  ascribed  to  annealing  hard  drawn  wire. 
B.  and  8.:  this  Journal,  III,  zxzii,  p.  448,  1886;  zzziv,  p.  4,  1887. 
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different  at  100°.  In  No.  4,  the  effect  of  +r  following  — r  ig 
even  more  )>henoinenally  pronounced,  both  at  20**  and  particu- 
larly at  100°.  In  No.  5  the  wires  nearly  identical  at  20°  show 
differences  at  100°.  In  No.  6  this  is  true  in  even  much  greater 
degree,  whereas  in  No.  7  wires  differing  considerably  at  20°, 
show  relatively  small  differences  at  100°.  And  so  I  might  go 
through  the  series.  Nos.  13  and  14  are  wires  original^  free 
from  strain  (shear^ ;  but  vagueness  also  appears  in  these. 

Careful  inspection  of  the  tables  reveals  the  law,  that  vis- 
cous  deformation  takes  place  at  numerically  greater  rates  dur- 
ing the  even  twists  than  during  the  odd  twists  which  immedi- 
ately precede  them  respectively.  Aside  from  these  oscillations, 
the  effect  of  twisting  here,  as  in  §  7,  is  pronounced  increase  of 
viscosity. 

Maxwell's  theory  accounts  for  the  stated  vagueness  of  be- 
havior at  once.  In  two  samples  of  a  complex  substance  like 
steel,  the  distributions  and  relations  of  the  unstable  molecular 
configurations  will  only  in  very  rare  instances  be  physically 
and  chemically  identical.  The  loregoing  paragraph  snows  that 
such  identity  is  rare  even  in  pure  homogeneous  metal.     §  9. 

The  effect  of  twisting  alternately  in  opposite  directions  is  of 
so  great  importance  in  its  bearing  on  Maxwell's  theory  that 
I  made  furtlier  special  experiments.  From  these  I  select  the 
following  example,  tabulating  it  as  in  case  of  table  1.  The 
normal  No.  1,  An.  450°  has  been  described.  No.  18,  An.  25°, 
or  glass-hard,  is  carefully  selected  free  from  latent  torsion, 
having  experienced  no  other  strain  prior  to  the  examination  in 
table  4,  than  that  incident  to  tempering  (quenching).  There 
are  twelve  alternations  of  twist,  indicated  by  subscripts,  and 
the  current  time  in  hours  and  minutes  of  each  is  given.  I  also 
give  under  ??i,  the  time  in  minutes  which  refers  specially  to 
tlie  duration  of  each  twist.  .  No.  1  being  of  greater  viscosity, 
r  and  (f  —  f')/^  ^^®  alike  in  sign,  by  agreement. 

Experiments  made  by  counter-twisting  two  glass-hard  wires 
gave  results  like  this,  but  on  a  smaller  scale.  To  compare  the 
results  of  table  4  perspicuously  it  is  sufficient  to  construct  the 
differences,  J  {<p—f)/T,  of  the  respective  value  of  (<p— y')/^> 
at  tiro  and  four  minutes  after  twist  is  imparted.  These  are 
then  to  be  compared  in  their  dependence  on  current  time. 
Phenomena  of  this  kind  were  called  "accommodation"  by 
Streintz,*  their  discoverer,  by  Wiedeinann,f  Kohlrausch,:}:  and 
others.  The  fact  that  Boltzmann's  law  contains  them  is  among 
its  chief  excellencies. 

♦  Strcintz:  Pogjr.  Ann.,  cliii,  p.  406,  1874. 

f  Wiedemann:  Wied.  Ann.,  vi,  p.  512,  1879.  This  work  is  the  most  searchipg 
and  comprehensive  of  the  relevant  researches. 

X  Kolilrausch:  Pogg.  Ann.,  clviii,  p.  371,  187G.  Cf.  Schmidt:  Wied.  Ann.,  ii, 
p.  48,  1877. 
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Table  4. 

>ua  effects  of  twisting  glass-hard  steel  alternately  in  opposite  directions. 

Normal  wire  No.  1 ;  /=30«'»  p=0406'=«°. 


larks. 

r 

Time. 

m 

0 

2 

4 

15 

22 

0 

2 

4 

16 

23 

0 

2 

6 

17 

23 

0 

2 

8 

13 

20 

0 

2 

7 

20 

0 

2 

4 

14 

22 

0 

2 

4 

21 

22 

^"^'xlO» 

r 

Remarks. 

r 
+  102 

Time. 

m 

0 

2 

4 

20 

0 

2 

4 

16 

0 

2 

4 

12 

21 

0 

2 

4 

16 

0 
2 
4 

T 

■ 

.  18, 
.  25- 

-•102 

gh   13in 

16 
17 
28 
36 

-6-ob 

-190 
-690 
-7-30 

No.  18. 

1 
i 

12b    0° 
2 
4 
20 

+6-00 

0-86 
380 

No.  18» 

-102 

12'>  24° 
26 
28 
40 

12»>  42° 
44 
46 
64 
63 

.  18, 

+  •102 

9h  37m 

39 
41 
62 
60 

+  o-'oo 

230 
7-50 
9-35 

1 

-000 
-0-60 
-3-45 

No.  18,0 

+  •102 

+  600 

.  18, 

-•102 

4 

8 

19 

25 

10»»  28« 
30 
36 

41 
48 

-0-00 
-210 
-4-75 
-5-70 

0-80 
2-56 
3-70 

No.  18,, 

-•102 

lb    5m 

7 

9 

21 

1»>  23° 
25 
27 

600 

.  I84 

+  102 

+  600 
2-95 
4^40 
560 

-065 
-2-55 

No.  18,2 

+  102 

+  0-00 
070 

•.  18» 

-102 

lO**  50™ 
62 
59 
70 

lib  iim 

13 
15 
25 
33 

-600 
-2-30 
-3-95 

+  0-00 
110 
3-75 
4-95 

36  113 

245 

After  a 

everal  days 

• 

No.  18„ 

-102 

gh  47m    0 

1.  18, 

+  •102 

49 

51 
60 

4 

13 

0 

2 

4 

13 

0 

2 

4 

13 

—000 
-0  90 
-300 

No.  18,4 

+  102 

IQb     2° 
4 
6 
15 

+6-Vo 

».  18t 

-•102 

11»»  35« 
37 
39 
56 
57 

-6-00 
-0-75 
-3-45 
-355 

100 
640 

No.  18,5 

-•102 

10b  l-jm 

19 
21 
30 

—600 
-0-90 
-3-20 

Table  5. —  Viacous  accommodation  of  glass-hard  steel. 


0° 
24 
49 
76 


AiL-I-xlO' 


-1-90 
+  230 
-1-20 
+  1^40 


Twist 
No. 

• 

0 
S 

5 
6 
7 

8 

97° 
118 
142 
167 

xlO» 


—  100 
+  110 
-0-75 
+  0-85 


■♦J 

09 

• 

0 

Tim 

9 

191° 

10 

209 

11 

232 

12 

250 

A^— i'xlO» 


-  -60 
+  80 

-  65 
+  -70 
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If  the  numerics  of  d{ip-'<p')lr  be  regarded  in  their  depend- 
ence on  time,  the  results  are  seen  to  oscillate  around  a  mean 
line  of  equilibrium.  The  ordinates  of  this  mean  line  decrew  1^ 
with  time  at  a  gradually  retarded  rate,  until  a  definite  inferior 
limit  is  eventually  reached.  It  is  curious  to  note  that  tie 
largest  observed  ordinate  (time  =  0,  nearly),  is  at  least  3  tinw 
the  limiting  ordinate  (time  =  cx) ).  After  12  twists  oscillatioo 
has  considerably  subsided,  but  it  has  not  ceased ;  in  the  same 
degree  the  viscosity  of  the  glass-hard  rod  has  reached  a  liied 
maximum. 

This  complicated  phenomenon  is  at  once  elucidated  by  Max- 
well's theory.  The  ordinates  of  the  line  around  which  oecillar 
tion  takes  place,  are  an  index  of  the  degree  of  instability  of 
molecular  configuration,  at  the  time  given  by  the  abscissfc 
The  oscillations  are  the  result  of  strain  (latent  shear,  I  called 
it)  imparted  to  the  configurations  by  the  successive  twiat*  to 
which  the  wire  is  subjected.  Thus  if  r  be  the  impressed  twist, 
and  Jr  the  mean  strain  left  in  the  configurations  at  the  iBStant 
when  T  is  removed ;  and  if  /^  be  the  original  relative  number 
of  unstable  configurations,  and  Jn  the  number  broken  up  during 
the  period  of  the  strain  r ;  then  (apart  from  subsidiary  consid- 
erations) MaxwellV  theory  analyzes  the  effects  of  alternat* 
twisting  in  accordance  with  the  following  scheme : 

Strain.  Molecular  iDStabilitj. 

First  twist —  r  +n 

Secx)nd  twist -f-r  +  ^^r  +n— An 

Third  twist — r4-A,r— A'r  +n— i^,n— A'n 

Fourth  twist +r  +  Aar— A',r  +  A"r  +n— AaW— A',n— A^'fi 

Fifth  twist — r  +  A3r-AV  +  A'',r— A'^'r  +n— A,»— A^«-A",n-A'"** 

The  variation  which  J  undergoes  in  passing  from  one  twis* 
to  the  next  is  indicated  by  subscripts.  Thus  i/r,  J,r,  J,r,  •  •  -^  ' 
is  probably  a  decreasing  series;  whereas  An^  J,7J.,  J,n,  . . .  •  i^ 
an  increasing  series  because  reversal  of  the  sign  of  the  twis^ 
must  be  supposed  to  reconstruct  some  of  the  configurations^ 
broken  up  by  the  preceding  twist.  The  first  part  of  the  schera^ 
indicates  that  the  strain  in  the  2d,  4th,  6th  .  .  .  twists  is  neces^ 
sarily  greater  than  the  strain  in  the  immediately  preceding  l^t- 
3d,  oth  .  .  .  twists  res])ectively,  at  least  at  the  outset  of  the  ex^ 

!)erinients.     Hence  the  observed  oscillation.     Again  the  num^ 
)er   of   unstable    configurations    must    continually    decrease- 
according  to  the  second  half  of  the  scheme.     Hence  the  mead 
line  about  which  the  observed  viscous  deformations  oscillate- 
Finally  experiment  shows  that  the  accelerating  effect  of  Jr  on  ■ 
viscous  deformation  is  greater  than  the  retarding  effect  of  -  J'*- 
After  this,  however,  the  accelerating  effect  of  J,t— J',r+/'^» 
and  the  succeeding  r-quantities,  is  always  less  than  the  retardingf 
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of  —  J,n— Jjn— J^Ti,  and  tlie  succeeding  T^-quantities, 

tively. 

J  scheme  admits  of  simplification;  but  inasmuch  as  the 

I  of  oscillation  is  arbitrary,  the  phenomenon  remains  in- 

tely  complex. 

The  second  part  of  table  4  shows  that  the  viscosity  gained 

tue  of  consecutive  alternate  twisting  of  glass-hard  steel  is 

mently  gained.     The  results  indicate  some  recuperation  ; 

16  amount  is  small  in  comparison  with  the  havoc  of  con- 

tions  made  by  twisting.      Mere   molecular  motion  has 

tore   permanently  broken  the   more  unstable   configura- 

I  will  note  that  the  viscous  effect  of  prolonged  twisting 
1  fro  in  case  of  glass-hard  steel,  is  of  the  same  order  of 
itude  as  the  effect  of  prolonged  annealing  at  100°.  This 
ites  the  importance  of  the  motional  effect  in  question, 
following  the  analogy  of  steel,  I  consider  annealing  a  pro- 
)y  which  unstable  configurations  are  broken  up,  I  may 
due  caution  designate  the  phenomenon  here  in  question 
otional  annealing.  Experiments  for  which  there  is  no 
here  showed  that  motional  annealing  is  relatively  without 
ical  effect.  For  increasing  rates  of  twist  thick  wires  show 
as  deformation  sooner  than  thin  wires.  Hence  motional 
:  up  commences  at  the  external  surface  where  stress  is 
intense,  and  proceeds  thence  toward  the  axis  where  stress 
ist  Thus  there  appears  an  essential  dependence  on  the 
Qsions  of  the  twisted  rod.  Elsewhere  *  I  pointed  out  that 
mits  of  torsional  resilience  of  soft  iron  are  reached  when 
bliquity  of  the  external  fiber  (shear)  "somewhat  exceeds 
radians.     Regarding  the  laws  of  motional  annealing,  cf. 

It  follows  from  the  absence  of  electrical  effect,  that  mo- 
I  annealing  probably  presents  a  pure  case  of  Maxwell's 
ik  up  "  of  configurations  of  molecules. 
Streintz  and  Wiedemann's  phenomenon  "accommoda- 
'  admits  of  representation  from  a  different  point  of  view, 
rnin^  to  the  data  of  table  4,  suppose  the  experiment  so 
acted  that  the  twelve  twists  are  immediately  consecutive, 
ose  furthermore  that  time,  w,  instead  of  being  reckoned 
ively  onward  from  the  beginning  of  each  of  the  said  twists, 
reckoned  alternately  positive  and  negative,  conformably 
the  sign  of  the  deformations  (ip-'(p')JT.  In  this  oscilla- 
march  (time  as  abscissa),  since  each  deformation  (ordinate) 
begins  where  the  preceding  deformation  ceased,  a  contin- 
series  of  open  cycles  is  necessarily  generated.  The  posi- 
of  these  cycles  shift  at  a  gradually  retarded  rate,  toward  a 
very  flat  cycle,  which  for  the  constant  values  of  time  and 
B  is  fixed  in  position  and  closed. 

♦  This  Journal  (III),  xxxiv,  p.  183,  1887. 
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Cycles  here,  fixed  or  not,  are  expressions  of  the  fact  that  the 
"  past  histories  "  (in  Maxwell's  words)  of  the  molecular  config- 
urations in  the  "stress  positive"  and  "stress  negative"  pha^ 
of  each  cycle  are  not  the  same.  Shifting  is  brought  about  by 
permanent  molecular  break  up,  the  amount  of  which  gradnall? 
vanishes.  In  the  ultimate  and  fixed  cycle  as  many  confignn- 
tions  are  broken  during  the  "stress  positive"  as  are  recon- 
structed in  the  '"stress  negative"  phase,  though  they  need  not 
be  tlie  same  configurations. 

These  considerations  suggest  a  comparison  between  "aeeoni- 
modation"  and  Prof.  Ewing's*  '*  hysteresis,"  for  the  purpose  of 
detecting  the  extent  to  which  like  causes  are  discemable  in 
each  phenomenon.  Both  exhibit  a  static  character.  But  such 
comparison  would  not  be  fruitful  without  special  and  direct 
experiments;  for  the  iuxtantaneousi  values  of  stress  and  of  vis- 
cosity nmst  be  coordinated. 

9.  Having  thus  discussed  one  phase  of  the  results  in  table  1, 
I  pass  to  table  2,  which  is  a  digest  of  the  mean  values  of  table 
1,  in  so  far  as  such  a  digest  can  be  made.  Following  the  scheme 
at  the  end  of  the  preceding  paragraph,  this  comparison  should 
be  made  after  an  infinite  number  of  twists  have  been  imparted 
to  each  wire.  In  such  a  case,  however,  the  original  numDer  of 
unstable  configurations  has  been  seriously  reduced;  so  that 
apart  from  the  annoyance  of  so  time-consuming  a  method  as 
this,  the  original  properties  of  the  wire  are  not  clearly  pre^nt 
in  tlie  results.  In  wires  perfectly  free  from  strain,  at  tne  out- 
set, the  first  twist  leads  to  the  best  indications  of  the  viscous 
(juality.  As  this  condition  could  not  always  be  guaranteed  for 
tlie  wires  of  this  pa[)er,  I  have  accepted  the  mean  viscous  be- 
havior during  the  first  and  second  twists  as  the  best  available 
index  for  comparison.  It  is  sufticient,  at  least  for  the  present 
purposes.  Again  taking  the  mean  for  rods  of  the  same  nomi- 
nal tem])er,  I  obtain  data  from  which  a  chart  is  easily  con- 
structed, by  representing  mean  viscous  deformation  {<f-'ip');Ty 
varying  with  time,  for  each  of  the  divere  degrees  of  hardness 
An.  25°,  An.  100°,  An.  11>0%  An.  360°,  An.  450°.  It  so  hap- 
pens that  the  normal  rod,  JMo.  1,  is  less  viscous  than  the  other 
rods,  No.  2  and  No.  3,  of  like  temper.  Hence  the  negative 
numbers  in  table  2,  which  may  be  eliminated  by  increasing  the 
other  data. 

Returning  to  table  2,  it  is  clear,  inasmuch  as  viscous  deform- 
ations are  measured  differentially,  that  {<p—<p')/T  and  J,-/, 
are  to  be  compared  It  appears  that  these  quantities  increaee 
and  decrease  together.     This  is  more  easily  discemable  when 

♦  Kwing:  Pliil.  Trans.  Roy.  Soc,  If,  p.  523,  1885;  ibid.,  11,  p.  361.  1M6. 
ProL  EwiDg's  earlier  papers  are  there  given.  CI",  also  Cohn,  Wied,  Ann.,  n.  p. 
403,  1879. 
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ods  free  from  strain  are  compared.*  The  exceptions  of  table 
\  are  due  to  the  fact  that  latent  strains  influence  (^— ^')/r  to  a 
•elatively  much  greater  extent  than  J„— J',.  Again  if  Jj^„— J',^ 
md  {<p—<p')/T  be  compared  at  100°,  table  2  shows  that  in  this 
jase  also  the  two  quantities  increase  and  decrease  together, 
[ndeed  the  data  for  100°  are  the  more  uniform,  a  result  due  to 
the  fact  that  at  100°  much  of  the  latent  torsion  is  made  to 
(ranish  because  of  the  annealing  effect  of  100°.  Data  of  even 
greater  uniformity  cmt  par,  are  to  be  looked  for  at  .higher 
temperatures.f 

If  a  comparison  is  made  between  the  mean  rates  at  which 
viscous  deformation  and  resistance  increase  together  with  tem- 
per, at  tiO°  ((^P-f ')/r  and  d,-A\\  and  at  100^(  {ip-f')  jr  and 
J,^— J',,),  it  is  seen  that  the  mean  rate  of  increase  of  {<(p—<p^)/T 
relatively  to  J— J'  is  about  ten  times  as  great  at  100°  as  at  20°. 
This  is  the  phenomenon  in  virtue  of  which  the  viscous  be- 
havior of  steel,  regarded  as  a  test  of  Maxwell's  theory,  is 
almost  crucially  important.     I  shall  endeavor  to  explain  it. 

10.  Dr.  Strouhal  and  I  defined  the  .glass-hard  state  of  steel:}: 
as  the  stage  of  temper  which  undergoes  incipient  annealing  at 
mean  atmospheric  temperature.  Inasmuch  therefore  as  anneal- 
ing is  demonstrably  accompanied  by  chemical  decomposition§ 
even  at  temperatures  sligntly  above  mean  atmospheric,  the 
molecular  configuration  of  glass-hard  steel  is  always  in  a  state 
of  incipient  change  ||  A  part,  though  not  the  whole,  of  this 
change  must  be  of  a  permanent  kind ;  and  I  wish  to  keep  in 
mind  that  at  the  temperature  of  incipient  annealing  the  neat 
motion  is  such  that  broken  configurations  are  sometimes  recon- 
structed. 

Inasmuch  therefore  as  glass-hard  steel  contains  more  unstable 
configurations  than  any  other  state  of  temper,  at  the  same  tem- 
perature, it  follows  from  Maxwell's  theory  that  glass  hard  steel, 
despite  extreme  hardness,  must  be  the  least  viscous  member  of 
the  whole  group  of  tempered  and  soft  steel.  This  strikingly 
anomalous  prediction  of  the  theory  is  verified  both  by  the  re- 

*  B.  and  S.:  tbis  Journal,  (III),  xxxiii,  pp.  26,  27,  1887. 

f  Maxwell's  words  are  (1.  c ):  "...  but  if,  on  account  of  rise  of  temperature 
. . .  the  V>reakin}j:  up  of  the  less  stable  groups  is  facilitated,  the  more  stable  groups 
may  ag:iiQ  assert  their  sway,  and  tend  to  restore  the  body  to  the  shape  it  had  be- 
fore deformation." 

Wii'd.  Ann.,  xi,  pp.  962,  963,  1 880. 
B.  and  S.:  This  Journal,  (HI),  p.  276,  1886. 

During  the  last  three  years  I  have  been  making  experiments  on  the  secular 
anaealing  of  cold  hard  steel.  The  results  are  very  striking  and  show  that  mean 
atmospheric  temperature  acting  on  freshly  quenched  steel  for  a  period  of  years, 
produces  a  diminution  of  hardness  nearly  equal  lo  that  of  100"  C,  acting  for  a 
period  of  hours.  I  examined  some  twenty  rods,  the  specific  resistance  of  which, 
w'ithin  thirty-seven  months,  has  fallen  from  465  to  42-5.  in  the  case  of  thin  rods 
(diameter  <o-08«"),  and  frpm  43*7  to  35  4  in  the  case  of  thicker  rods  (diameter 
0'i3«a»^.     Freshly  quenched  pieces  showed  resistances  as  high  as  50,  nearly. 
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suits  of  table  2,  as  well  as  in  earlier  work*  in  a  way  so  pro- 
nounced as  to  be  irrefragable. 

If  glass-hard  steel  is  annealed  at  100°,  the  greater  number 
of  the  unstable  configurations  are  broken  up  in  virtue  of  the 
increased  molecular  vibration  at  the  higher  temperature.  The 
cold  rod,  after  annealing,  will  show  increased  viscosity  in  pro- 
portion as  the  number  of  unstable  configurations  has  decreased. 
Experiment  proves  this  in  a  strikingly  conclusive  way :  the  in- 
crease of  viscosity  thus  produced  is  marked,  being  nearly  half 
the  difference  between  the  soft  and  hard  states  of  steel.  This, 
too,  is  an  observation  favorable  to  Maxwell's  theory ;  for  if 
there  be  configurations  with  an  inherent  tendency  to  collapse 
at  ordinary  temperatures,  but  a  small  fraction  of  them  will  sur- 
vive at  100°.  Moreover  the  configurations  broken  up  cannot 
be  reconstructed  without  expenditure  of  fresh  energy  (quench- 
ing). Since  no  such  energy  is  ordinarily  available,  tne  viscous 
properties  of  the  annealed  rod  are  of  a  permanent  kind. 

Again  if  glass-hard  steel  (or  steel  annealed  at  100°)  be  soft- 
ened by  annealing  at  200°,  a  greater  number  of  unstable  groups 
will  be  broken  up  than  in  the  foregoing  case.  The  viscosity 
of  the  cold  rod  must  therefore  be  considerably  greater  than 
that  of  the  hard  rod.  Experiment  proves  the  viscous  increase 
to  be  about  two-thirds  of  the  whole  viscous  difference  between 
hard  and  soft  steel.  Analysis  gives  evidence  of  the  occurrence 
of  decomposition;  and  inasmuch  as  the  unstable  groups  are 
permanently  broken,  the  annealed  rod  shows  determinate  vis- 
cous properties. 

If  glass-hard  steel  be  annealed  at  300°,  400°,  500°,.etc.,  effects 
of  the  same  nature  as  those  just  discussed,  but  differing  from 
them  in  the  degree  of  thorough  removal  of  the  unstable  con- 
figurations, will  result. 

The  phenomenon  as  a  whole  must  be  considered  continuous, 
both  as  regards  temperature  and  time.  In  proportion  as  tem- 
perature is  higher,  however.  Maxwell's  theory  predicts  that  the 
effects  of  the  same  increment  of  the  temperature  of  annealing, 
will  produce  increments  of  viscosity  successively  diminishing 
at  a  very  rapid  rate.  Supposing  molecular  configurations 
originally  present  in  all  states  of  stal>ility,  it  follows  at  once 
that  the  groups  which  retain  this  quality  after  annealing  must 
very  soon  vanish  when  the  temperature  of  annealing  is  in- 
creased. The  data  prove  this  in  a  convincing  way:  Rods  an- 
nealed at  300°,  4iHr,  500° 1(KK)°,  show  about  the  same 

viscous  behavior  (relatively  speaking),  notwithstanding  the  fact 
that  chemical  analysis  j^roves  that  tlie  decomposition  incident 
to  the  successive  application  of  these  temperatures  on   glass- 

*  B.  and  S. :  This  Journal,  xxxiii,  pp.  20,  26,  1887. 
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hard  steel,  continues  steadily  to  increase.*  Indeed  chemical ' 
decomposition  above  300°  is  more  marked  than  below  300° ; 
yet  its  bearing  on  Maxwell's  theory  is  now  without  interest, 
because  in  none  of  the  high  annealed  rods  do  configuratibns 
unstable  at  mean  atmospheric  temperature  survive  after  an- 
nealing. 

11.  Having  analyzed  the  phenomena  at  mean  atmospheric 
temperature,  I  come  next  to  consider  the  conditions  of  mean 
relative  viscosity  at  100°.  The  glass-hard  state  must  here  be 
withdrawn,  for  consideration  in  §  13 ;  because  such  a  rod  would 
undergo  annealing  during  the  viscous  measurements  at  100°. 

Hard  steel  annealed  at  100°  bears  the  same  relations  to  100° 
that  glass-hard  steel  does  to  mean  atmospheric  temperature. 
Hence  the  reasoning  of  the  preceding  paragraph,  7nut.  mut,^ 
applies  at  once.  It  is  merely  necessary  to  bear  in  mind,  that 
100°  is  now  the  temperature  of  incipient  annealing,  and  that 
therefore  the  temperatures  which  produce  corresponding  vis- 
cous efEects  are  proportionately  higner.  Rods  An.  200°  now 
occupy  about  the  same  relative  position  that  rods  An.  100°  did 
in  §  9 ;  An.  300°  the  same  relative  position  as  An.  200°,  etc. 
Moreover  for  equal  increments  of  the  temperature  of  annealing, 
the  increment  of  viscosity  shown  by  the  rod  at  100°  diminishes 
rapidly  as  temperature  increases,  etc. 

In  one  respect  the  present  results  differ  from  the  above :  the 
phenomena  are  here  spread  out  over  a  scale  (roughly  estimated) 
about  ten  times  larger.  This  means,  following  Maxwell's  the- 
ory, that  at  100°  the  number  of  unstable  molecular  configura- 
tions is  relatively  much  larger  than  at  mean  atmospheric  tem- 
perature. The  reasons,  though  not  far  to  seek,  are  exceedingly 
significant.  .  In  hard  steel,  at  100°  two  causes  of  molecular 
instability  here  produce  superposed  effects.  The  first  is  the 
chemical  or  carbon  instability  already  discussed  ;  the  second 
cause  is  purely  thermal.     Cf.  §  17. 

The  explanation  of  the  diagram  for  100°  is  now  clear.  Vis- 
cous deformation  is  marked  in  all  the  rods  examined  for  An. 
600°  to  An.  100°;  but  the  deformability  increases  at  a  rapid 
pace  in  proportion  as  we  pass  from  softer  to  harder  steel,  be- 
cause in  such  a  march  the  carburation  instability,  superimposed 
upon  the  thermal  instability,  increases  rapidly.  Molecular  con- 
figurations on  the  verge  of  instability  are  encountered  in  con- 
tinually increasing  numbers. 

12.  The  line  of  argument  followed  out  for  100°,  applies 

muL    muL   at  200°.     Kesults  of   this  kind  I  published  else- 

where.f     The  character  of  the  evidence  bearing  on   all   the 

points  in  question  is  here  even  more  pronounced  and  conclu- 

♦  This  Jonnial,  xxxii,  pp.  277,  282,  1886. 
f  This  Joiirn.,  Ill,  xxxiv,  p.  14  to  16,  1887. 
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give.  Steel  An.  200°  is  in  a  state  of  incipient  annealing  it 
200°.  Tliennal  and  carburation  instabilities  of  high  d^we 
being  superposed,  the  effects  are  correspondingly  large. 

Finally  above  300°  the  molecular  instability  is  largely  thff- 
mal.  The  behavior  of  hard  steel  therefore  approaches  that  of 
other  metals  more  nearly.*  The  effect  of  the  carburation  in- 
stability ceases  to  predominate,  and  iinally  vanishes  altogether 
in  proportion  as  the  march  is  made  from  lower  to  higher  tem- 
peratures of  annealing. 

13.  I  have  finally  to  touch  upon  the  series  of  phenomena  in 
which  pronounced  annealing  occurs  simultaneously  with  pro- 
nounced external  viscous  aeformation.  If,  for  instance,  i 
glass-hard  rod  is  twisted  and  then  suddenly  heated  to  100**,  tk 
rod  is  both  annealed  and  suffers  deformation  in  virtue  of  the 
applied  twist  at  the  given  temperature.  Conformably  with 
the  excessively  greater  amount  of  molecular  instability  which 
characterizes  these  experiments,  the  observed  viscous  deforma- 
tion must  be  ])roportionately  large.  This  prediction  of  Max- 
well's theory  is  fully  verified  by  experiment.  In  the  case  of 
the  twisted  rod  ))ostulated,  the  motion  of  the  image  across  the 
field  of  the  telescoj)  *  is  so  rapid,  that  Gauss's  method  of  angular 
measurement  is  no  longer  satisfactorily  available.  I  may  say 
without  exaggeration,  that  during  the  small  interval  of  time 
within  which  appreciable  annealing  occurs,  a  ^ass-hard  steel 
rod  suddenly  heated  to  300°,  is  a  viscous  fluid.  I  have  8hown+ 
that  if  a  glass-hard  and  a  soft  rod  {avt.  par.)  be  identically 
twisted  and  heated  to  350^,  the  former  will  have  lost  all  itf 
strain,  whereas  in  the  soft  rod  only  about  ^  will  have  vanished. 

Advantage  may  be  taken  of  two  simultaneous  causes  of 
molecular  instability  in  other  and  purely  mechanical  ways. 
Tlius  molecular  instability  is  produced  by  drawing  soft  steel 
wire  through  a  draw-plate,  and  the  instability  increases  enor- 
mously with  the  intensity  of  the  strain.  Experiments  which  I 
made  in  some  number  by  counter-twisting  soft  and  hard  drawn 
steel  wire  at  30^  and  at  100"^,  showed  results  quite  comparable 
in  striking  interest  with  the  behavior  of  tempered  steel.  The 
character  of  both  j)henomena  is  the  same,  so  that  as  far  as  vis- 
cous comparisons  go,  the  drawn  strain  replaces  the  temper 
strain  perfectly.     Cf.  §  17. 

14.  Viscosity  in  the  above  pages  has  been  considered  apart 
from  the  stress- intensity  under  which  the  deformation  tte 
place.  This  is  liable  to  lead  to  confusion,  unlcvss  the  stress 
relative  to  which  the  constants  of  viscosity  are  defined,  l^ 
kept  clearly  in  mind;  or  unlcvSS  the  terms  viscosity  be  appHe^i 

♦  Of.  §n 

f  This  Journal.   III.   xxxiv,  p.  4,  5,   18«7.     Kx|»oriment8   made  by  anneal^'Q-g 
twisted  system d. 
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>  solids  in  the  restricted  sense  of  "  elastische  Naehwirkung." 
'hns  if  a  glass-hard  and  a  soft  steel  rod  be  subjected  alike  and 
t;  ordinarry  temperature  to  torsional  stress  of  continually  in- 
reasing  magnitude,  a  stress  value  will  be  reached  for  which 
le  viscosity  of  the  hard  rod  will  be  equal  to,  and  eventuallv 
vertake  the  viscosity  of  the  soft  rod.  I  was  able  to  exhibit 
lis  phenomenon  in  even  a  more  striking  way  at  190°,  finding 
tiat  for  rates  of  twist  less  than  t=!^^,  steel  rod  (radius= 0-041°°^ 
\  much  less  viscous  and  more  susceptible  to  the  influence 
f  temperature  in  proportion  as  it  is  permanently  harder;* 
rhereas  for  rates  of  twist  greater  than  r=6°,  steel  cmL  par,  is 
388  viscous  and  more  susceptible  to  the  influence  of  the  influ- 
nee  of  temperature  in  proportion  as  it  is  softer. 

Here  I  may  profitably  advert  to  certain  considerations  postu- 
ited  in  an  earlier  paperf  relative  to  the  association  of  hard- 
ess  with  resistance  against  oo-forces  acting  through  zero-time, 
nd  the  association  of  viscosity  with  resistarjce  against  zero- 
orces  acting  through  oo-time,  all  magnitudes  being  regarded 
rom  a  relative  point  of  view.  "  We  may  reasonably  conceive," 
I  there  further  stated,  "  that  in  case  of  viscous  motion  the 
lolecules  slide  into  each  other  or  even  partially  through  each 
ther,  per  interchange  of  atoms,  so  that  the  molecular  config- 
ration  is  being  continually  reconstructed ;  whereas  in  the 
ther  case  (hardness)  the  molecules  are  urged  over  and  across 
ach  other  .  .  .  ."  In  the  ordinary  case  of  scratching  the 
efcion  is  usually  accompanied  by  physical  discontinuity  of  the 
►arts  tangentially  strained. 

The  intensity  of  stress  by  which  the  above  deformations  are 
voked  was  nearly  constant  and  equal  to  0*5  kg.  on  centimeter 
»f  arm.  This  couple,  when  applied  to  the  given  steel  rods 
radius  0*041*^),  is  admirably  adapted  for  the  exhibition  of  the 
iearly^?^r^  viscous  phenomenon,  the  "  Nachwirkung"  of  Weber 
ind  Kohlrausch. 

It  is  just  here  that  certain  cardinal  distinctions  must  be 
nade.  According  to  Maxwell's  views,  viscosity  is  the  same 
phenomenon  in  liquids  and  in  solids,  and  the  molecular 
mechanism  by  which  it  manifests  itself  quite  the  same  in  both 
cases.  There  is  nothing  in  the  theory  to  induce  the  reader  to 
limit  viscosity  in  solids  to  certain  special  changes  of  configura- 
tion. In  solids  at  high  temperatures,  and  of  course  in  viscous 
fluids,  there  is  indeed  no  need  of  distinction;  and  viscosity 
appears  as  the  one  property  into  which  the  other  configuration- 
properties  of  solid  matter  eventually  merge.  In  solids,  at  low 
temperatures  on  the  other  hand,  the  case  is  much  more  com- 
ptex;  and  whereas  viscosity  ("Nachwirkung")  still  appears  as 

♦  An.  190**,  being  of  course  the  maximum  hardness  admissible, 
t  This  Journal,  III,  xxxiii,  p.  28,  1887. 
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a  property  common  to  solids,  whether  soft  or  hard,  plastic  or 
brittle,  these  ulterior  distinctions  softness,  hardness,  plasticity 
(permanent  set),  brittleness,  etc.,  separate  solids  by  very  broad 
lines.  Hence  it  is  improbable  that  the  whole  mechanism  in 
virtue  of  which  viscous  deformations  are  possible  in  viscoiiB 
fluids,  is  fully  of  the  same  nature  as  that  by  which  viscous 
motion  takes  place  in  solids  at  ordinary  temperatures.  Vis- 
cosity in  liquids  is  the  mean  result  of  divers  superposed  phe- 
nomena, the  occurrence  of  any  one  of  which,  in  a  solid,  would 
give  rise  to  son.e  special  physical  property  of  that  solid.  From 
this  point  of  view,  since  viscosity  is  independent  of  the  other 
physical  properties  above  enumerated,  and  since  viscosity 
(Nachwirkung),  is  common  to  solids  without  exception,  I  have 
yentured  to  refer  it  to  such  action  between  contiguous  mole- 
cules as  involves  the  least  amount  of  free  motion.  Viscosity 
in  solids,  is  the  result  of  changes  of  configuration,  resulting 
from  localized  thermal  agitation,  and  often  superinduced  by 
the  atomic  attraction  of  contiguous  configurations,  in  the  man- 
ner explained  by  the  Clausius-Maxwell  principle.* 

This  premised,  further  distinctions  may  be  made.  Ques- 
tions arise  as  to  whether  such  action  can  be  indefinitely 
repeated  without  rupture,  as  in  plastic  solids,  or  in  viscous 
fluids ;  or  whether  it  can  not  be  indefinitely  repeated  as  in 
brittle  solids,  etc.  The  indefinite  repetition  of  the  phenom- 
enon is  equivalent  to  a  passage  of  molecules  over  or  across 
each  other,  the  phraseology  above  used  in  reference  to  hard- 
ne88.f     §  18. 

The  ideas  underlying  this  paragraph  may  be  summarized 
thus :  In  passing  from  the  fluid  to  the  solid  state  of  matter, 
the  residual  or  extramolecular  aflinities  acquire  an  increased 
importance  relatively  to  the  intermolecular  aflSnities.  At  the 
same  time  the  conditions  of  action  have  gradually  become  ex- 
ceedingly unfavorable.  In  a  liquid,  under  impressed  favorable 
conditions  chemical  reaction  between  molecules  is  demonstra- 
ble (electrolysis).  In  a  solid,  under  impressed  favorable  condi- 
tions (strain  of  dilatation)  it  is  also  demonstrable,  for  instance, 

♦  "  Beti'achton  wir  feriier  das  Verhaltcn  dor  Ciesammtmolecule  unter  einander. 
so  glaube  ich  dass  es  auch  hicr  zuweilea  peschieht,  dass  das  positive  Theilmole- 
ciil  oincs  Oesammtinoleculs  zu  dom  nojyativeii  eines  anderen  in  eiiie  gunstigre 
Lage  kommt,  als  jedes  dieser  lx?iden  Theilmoleciile  in  Augenblicke  geradezn 
dera  anderen  Theilmoleciil  seines  eigeneu  Gesammtmoleciila  hat,  etc."  Mech. 
Warmeth..  ii,  2  Aufl,  p.  163,  1879.  "  Again,  following  MaxweU:  "•  •  •  •  T^"^ 
we  may  suppose  that  in  a  certain  number  o(  groups  the  ordinary  agitation  of  ihe 
molecules  is  liable  to  accumulate  so  much  thai  every  now  and  then  the  configura- 
tion of  one  of  the  groups  breaks  up,  and  this  whether  it  is  in  a  state  of  strain  or 


aot 


"But  if  a  solid  also  contains  ....  groups  of  the  first  kind  wliich  break  up  of 
themselves  .  .  .  ."     Maxwell,  1.  c. 

t  Cf.  this  Journal,  xxxiv,  pp.  1,  18,  1887. 
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in  the  marked  secular  annealing  of  glass-hard  steel.  It  is  not 
necessary  for  the  manifestation  of  viscosity  that  the  integrity 
of  the  molecule  be  actually  invaded  ;  but  as  the  action  intensi- 
fies one  may  pass  continuously  from  Maxvsrell's  (§  8J)  into 
Clausius's  (§  15)  hypothesis,  without  being  able  to  define  the 
line  of  transition,  at  least  from  the  character  of  the  viscous 
phenomena.     Cf.  this  Journal,  xxxiv,  p.  1,  1887. 

15.  The  observations  made  in  the  above  paragraphs  relative 
to  the  visible  viscous  subsidence  of  a  mechanical  strain  imposed 
on  a  steel  rod,  apply  for  the  complete  explanation  of  the  phe- 
nomenon of  temper.  With  this  purpose  in  view,  it  is  merely 
necessary  to  conceive  of  hardening  or  quenching  (sudden  cool- 
ing of  steel)  as  an  operation  by  wliich  a  strain  of  dilatation  is 
imparted  to  steel.  This  strain,  once  applied,  is  locked  up  in 
the  metal  in  virtue  of  viscosity.*  The  strained  structure  of 
hard  steel  is  proved  by  the  fact  that  massive  pieces  of  hard 
steel  often  explode  spontaneouslyf  and  by  the  tendency  to 
rupture  during  quenching  exhibited  by  the  metal.  The  tem- 
per strain  may  be  studied  optically  and  in  other  ways,  in  glass, 
and  at  low  temperatures,  even  in  resin.J 

Reckoned  from  the  observed  volume  increa8e§  due  to  quench- 
ing, the  stres&-in tensity  corresponding  to  the  observed  strain 
may  be  Qstiraated  at  10'*  degrees  per  square  cm.  in  steel,  and 
10*  degrees  per  square  cm.  in  glass.  It  is  thus  of  the  order 
of  the  respective  tenacities  of  steel  and  of  glass. 

In  view  of  the  fact  that  the  viscosity  oi  glass  hard  steel  is 
not  above  that  of  glass,  ||  exceptionally  great  strain  intensity 
though  impartable,  would  not  be  permanently  retained.  Hence 
the  secular  changes  of  glass-hard  steel.  Cf.  §  10,  footnote.  At 
this  point  the  function  of  carbon  appears.  Sudden  cooling 
induces  carbon  and  iron  to  remain  in  the  combined  state  in  a 
way  favorable  to  the  dilatation  in  question.  Throughout  the 
process  of  cooling  carbon  and  iron  at  any  place  within  the 
metal  are  united  m  conformity,  with  the  given  degree  of  car- 
buration  and  with  the  strain  there  experienced.  In  the  cold 
metal,  at  the  given  place,  strain  is  to  a  certain  extent  perma- 
nent and  independent  of  the  surrounding  medium  of  steeL^f 
Hence  if  by  gradual  secular  annealing  of  massive  glass  hard 
steel,  a  sufficient  number  of  carbon  configurations  are  broken, 

♦Cf.  Bull.  U.  S.  G.  S.,  No.  14,  p.  88,  1885. 

f  Batchelder :  Journ.  Franklin  Inst.  (3),  viii,  p.  1 33,  1 844. 

JMarangoni:  N.  Cim.,  (3),  v,  p  116,1879  (Rupert's  drops  of  resin);  De 
Lujmes:  Phil.  Mag.,  (4),  xlv,  p.  464,  1873  (Rupert's  drops  of  glass);  B.  and  S: 
L  c. 

§Thi8  Journal,  xxxi,  pp.  441,  443;  xxxii,  p.  191,  1886;  xxxiii,  p.  33,  1887: 
Bull.  U.  8.  G.  S.,  No.  27.  pp.  30  to  50,  1886. 

IB.  and  S.:  this  Journal,  III,  xxxiii,  p.  30,  1887. 

IfBulL  U  S.  G.  S,  No.  35,  p.  42.  1886.  Structure  studied  by  the  density 
method.    Shells  consecutiyely  removed  by  galvanic  solution. 
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stress  may  increase  to  an  intensity  sufficient  to  rupture  the 
metal  explosively. 

In  our  earlier  papers  on  this  subject  Dr.  Stroukal  and  I  were 
much  puzzled  to  know  whether  the  temper-strain,  and  in  gen- 
eral the  phenomena  of  annealing,  were  to  be  interpreted 
physically  or  chemically ;  whether  annealing  was  a  case  of 
viscous  subsidence  of  a  mechanical  temper-strain ;  or  a  mere 
case  of  decomposition  of  chemical  hardness.  In  the  light  of 
the  present  advanced  conceptions,  this  distinction  is  enperflnona 
It  makes  no  difference  whether  the  configuration  breaks  up 
into  parts  chemically  different  (as  carbon  and  iron  (say)  in 
steel),  or  into  parts  chemically  though  not  structurally  identical 
(as  in  homogeneous  metals.)  Viscositv  is  conditioned  by  the 
degree  of  instability.  Again  it  is  clear  that  the  principles 
which  account  for  tlie  subsidence  of  the  mechanical  strain,  wiU 
also  account  at  once  for  such  chemical  decomposition  as  is  here 
in  question ;  the  difference  in  the  two  cases  being  vested  in 
mere  details  of  molecular  mechanism.     §§I3,  14. 

16.  However  complex  the  nature  of  the  temper-strain  in 
steel  may  be,  the  behavior  of  hard  steel,  when  subjected  to  the 
influence  of  temperature,  offers  sufficient  proof  of  its  occur- 
rence.    The  laws  of  annealing  hard  steel*  are  as  follows : 

(1)  The  annealing  effect  of  any  temperature  acting  on  glass- 
hard  steel  increases  gradually  at  a  rate  diminishing  throngh 
infinite  time;  diminisliing  very  slowly  in  case  of  low  tempera- 
tures (  <  100°) ;  diminishing  very  rapidly  at  first  and  then 
again  slowly  at  high  temperatures  ( >  200°) ;  so  that  the  high- 
est and  hardest  of  the  states  of  temper  possible  at  any  given 
temperature  is  approached  a8ym))totically. 

(2)  The  ultimate  annealing  effect  of  any  temperature  (time 
=  oo),  decreases  at  a  retarded  rate  with  temperature,  and  prac- 
tically reaches  the  limit  of  variation  below  850°. 

(3)  l^he  ultimate  annealing  effect  of  any  temperature,  f,  is 
independent  of  the  possibly  ])re-exi8ting  enects  of  the  temper- 
ature ^'°,  and  is  not  influenced  by  8u]>6equent  applications  of 
t'°y  provided  t  >  t\  In  case  of  partial  annealing  at  f  (time 
finite),  this  law  a])plies  more  fully  as  the  ultimate  effect  of  /^ 
is  more  nearly  reached. 

Postulating  the  strain  discussed  in  Jj  15,  these  laws  follow  at 
once  from  Maxwell's  theory;  and  the  explanation  {fnut  mvf.) 
is  identical  in  character  with  that  given  in  §§  9  to  13,  with 
reference  to  the  aj)plied  torsion  strain.  Inasmuch  as  annealiiig 
is  accompanied  by  chemical  decomposition,  the  conditions 
under  which  the  tem])er  strain  is  reduced  are  those  of  §  13. 

The  third  law  of  annealing  asserts  that  the  heat  effect  is 
analytic,  but  not  in  the  same   degree  synthetic.     The  carbon 

*Phil.  Mag.,  V,  viii,  p.  341,  1879;  Bull.  U.  S.  G.  S.,  No.  14.  p.  195,  1885. 
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ifiguration  definitely  broken  up  by  annealing,  (Joes  not  re- 
Qbine  on  cooling.  In  pure  metal,  and  up  to  a  certain  limit- 
:  (small)  stress,  configurations  broken  up  by  stress  may  re- 
nbine  when  stress  is  released  or  reversed.  §17. 
[f  degrees  of  temperature  be  replaced  by  arcs  of  permanent 
{mut  mut.\  then  these  laws  apply  at  once  to  motional  an- 
Jing  as  defined  in  §  8J. 

L7.  In  certain  comparisons  between  the  strain  effect  exhibited 
glass  and  by  steel,*  we  were  led  both  by  gravimetric  and 
polariscopic  observations  to  this  distinction :  the  strain  in 
rd  steel  is  very  perceptibly  affected  by  annealing  tempera- 
•e  as  low  as  50°,  whereas  in  the  case  of  quenched  glass  (Ru- 
nt drop),  perceptible  annealing  is  incipient  only  at  200°. 
le  bearing  of  this  result  on  the  present  discussion  is  manifest: 
5  difference  of  behavior  is  due  to  the  absence  in  glass  of  any- 
ng  equivalent  to  the  unstable  carbon  configuration  in  hard 
el.  The  case  of  glass  is  nearly  that  of  soit  steel,  and  the 
havior  as  regards  viscosity  in  these  two  instances  are  similar. 
Schroeder'sf  important  result  has  relevancy  here :  in  the  case 
hard  drawn  wire  (Ag,  Fe,  german  silver),  minimum  vis- 
rity  is  found  associated  with  maximum  susceptibility  to  tem- 
rature.  This  is  the  general  deduction  from  steel,  for  vary- 
l  intensities  both  of  temper  strain  and  of  drawn  strain.    §  13. 

18.  Following  the  suggestion  of  §  14,  it  may  be  inferred  that 
case  of  very  complex  molecular  structui'e,  instability  of  con- 
uration  will  be  a  more  probable  occurrence,  than  in  the  case 

simple  bodies,  coBt.  par.  Complex  structured  matter  may 
looked  upon  as  a  solidified  mixture  of  homologous  chemical 
ies,  with  a  predominating  member  to  give  the  substance 
iracter.  Conformably  with  this  view  the  complex  organic 
idsj  like  silk,  ebonite,  show  more  pronounced  viscous  defor- 
ition  than  metals  or  mineral  solids.  These  known  facts  are 
IS  in  general  accordance  with  the  present  theory.  Nor  is  it 
narkaole,  that  a  complex  substance  like  glass,  lies  some- 
lere  between  hard  steel  and  soft  steel,  in  the  scale  of  vis- 
iity. 

On  the  other  hand,  when  the  atoms  of  the  molecule  are  all 
ke,  and  tlie  structure  of  the  substance  is  essentially  atomic, 
\  meet  conditions  favorable  to  permanent  set.  This  is  prob- 
ly  the  case  with  many  metals. 

19.  Maxwell's  theory  lends  itself  at  once  to  the  explanation 
superposition   (perfect   or   imperfect)   of   viscous  motions, 

ismuch  as  the  Interpretation  given  is  independent  of  the 
Bcial  peculiarity  of  the  strain  to  be  discussed.  I  will  adduce 
:ew  magnetic  results  which  bear  upon  this  point. 

'^B.  and  S.:  this  Journal,  xzzii,  p.  185,  1886 ;  xxxi,  p.  451,  1886. 

•Schroeder:  Wied.  Ann.,  zzviii,  p.  369,  1886. 

:  Cf.  EohlrauRch:  Pogg.  Ann.,  czzviii,  p.  414,  1866,  and  many  others. 
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• 
Considering  the  permanent  effects  of  temperature  on  the 
residual    magnetic    induction    of    hard    saturated    steel,  Dr. 
Strouhal  and  1*  found  it  necessary  to  discriminate  between 
two  species  of  magnetic  loss : 

(1)  The  direct  effect  due  simply  to  thermal  action  on  the 
magnetic  configuration ; 

(2)  The  indirect  effect,  due  to  the  action  of  temperature  in 
producing  mechanical  annealing. 

These  two  kinds  of  loss  of  residual  induction  often  occur 
together.  Considered  separately  the  latter,  ocBt.  par.^  is  verv 
decidedly  the  greater  in  amount,  and  its  character  fully  typified 
by  the  concomitant  phenomenon  of  mechanical  annealing. 
The  former  (1)  is  not  only  much  smaller  in  relative  magnitude, 
but  subsides  completely  within  a  much  smaller  interval  of 
time.  In  general,  the  occurrence  of  permanent  magnetism  in 
hard  steel,  in  its  thermal  relations  is  subject  to  nearly  the  same 
laws  of  variation  as  those  adduced  in  §§  9  to  13,  for  ordinary 
mechanical  strains.  Instability  of  the  carbon  configuration  is 
more  seriously  detrimental  to  magnetic  permanence  than  is 
instability  of  thermal  configuration. 

If  the  unstable  carburation  configuration  be  removed  by 
thorough  annealing  at  100°,  then  the  cold  hard  rensaturated 
magnet  must  show  exceptionally  good  magnetic  stability  as 
regards  the  effects  of  mean  atmospheric  temperature.  If  the 
saturated  miignet  is  again  thoroughly  annealed  at  100°,  the 
exceptionally  good  magnetic  stability  in  question  is  even 
furtlier  enhanced,  because  the  mae:netic  configurations  unstable 
as  far  as  100°,  have  now  also  been  removed.  Experiment 
shows  the  second  magnetic  loss  to  be  relatively  small.  The 
rods  c^rry  the  maximum  of  permanent  hardness  and  the  maxi- 
mum of  permanent  magnetization  as  far  as  100°.  This  process 
of  consecutive  annealing  is  the  one  we  proposed  when  the 
magnets  made  are  to  witlistand  the  effects  of  atmospheric  tem- 
perature, of  percussion,  and  of  secular  time.f 

20.  In  the  above  paragraphs  I  have  referred  to  thermal. 
car])on,  and  magnetic  contigurations,  using  the  adjectives 
merely  to  designate  the  chief  cause  of  the  instability  under 
special  consideration,  whereas  the  configurations  themselves 
were  not  necessarily  different.  In  the  same  way  I  contrasted 
thermal  and  motional  instability.  Thus  a  carbon  and  a  thermal 
configuration  may  ])e  one  and  the  same  grouping,  considered 
from  different  points  of  view  ;  so  may  a  thermal  and  a  magne- 
tic configuration.  The  latter  phrase  is  used  advisedly,  and  the 
rod  showing  residual  magnetic  induction  supposed  to  consist  of 
configurations  of  all  degrees  of  magnetic  stability,  as  well  as 

*  S.  and  B.:  Wied.  Ann.,  xx,  p.  662,  1883. 

t  Details  iu  BuU.  U.  S.  G.  S.,  No.  14,  chapter  VI;  or  1.  c. 
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in  all  degrees  of  magnetic  intensity.  Stability  and  intensity 
are  the  qualities  which  in  the  present  case  correspond  to 
stability  and  strain,  respectively,  in  the  above  configurations. 

Magnetic  stability  decreases  from  hard  to  soft  and  from  soft 
steel  to  soft  iron,  following  therefore  the  inverse  order  of 
viscosity ;  and  its  character  too  is  different  from  viscosity,  the 
tendency  being  toward  sudden  magnetic  changes,  even  when 
the  cause  of  such  change  is  superinduced  by  heat.     Cf.  §  19. 

The  mean  magnetic  intensity  of  the  configuration  must  de- 
pend on  the  dimensions  of  the  saturated  rod.  In  the  normal 
case  of  linear  rods  this  magnetic  intensity  increases  from  hard 
to  soft  steel*  and  from  steel  to  iron.  Hence  from  one  point 
of  view  carbon  configurations  interfere  with  the  occurrence  of 
intense  magnetic  configurations ;  from  the  other  point  of  view 
magnetic  intensity  increases  in  the  direct  order  oi  viscosity,  or 
stability  of  molecular  configuration. 

Among  methods  for  elucidating  the  nature  of  the  magnetic 
configuration,  a  comparison  of  the  effect  of  a  magnetic  field  on 
torsional  rigidity  is  probably  best.  Extending  the  classic  re- 
searches of  G.  Wieaemann,t  I  commenced  a  series  of  such 
measurements.  In  the  case  of  a  given  field  of  great  intensity, 
if  two  identical  iron  wires,  respectively  magnetic  and  unmag- 
netic,  be  counter-twisted  to  the  same  maximum  shear  (obliquity 
of  external  fibre,  6;= '003,  say),  then  the  product  of  the  detor- 
sion  due  to  longitudinal  magnetization  and  the  diameter  of  the 
wires  is  constant  and  equal  to  the  product  of  the  shear  and  the 
magnetic  coefecient  of  rigidity.  This  remarkable  relation  im- 
plies that  the  increment  of  the  twisting  couple  evolved  by 
magnetization  increases  as  the  third  power  of  the  radians,  ccet, 
par, 

21.  Summarizing  the  results  of  the  above  paragraphs,  I 
believe  the  statement  of  §  2  to  be  fully  verified.  I  have  shown 
that  the  effect  of  distributing  unstable  molecular  configurations 
uniformly  throughout  the  substance  of  a  rigid  metal,  like  steel, 
is  analogous  to  that  of  dissolving  molecules  of  acid  or  of  salt  in 
a  non-conductor  like  water.  These  added  molecules  are  the 
unstable  groups  with  which  Clausius's  theory  deals.  In  both 
cases  the  effect  produced  is  proportional  to  the  number  of 
unstable  groups  distributed.  If  the  number  be  sufliciently  in- 
creased, the  medium  will  ultimately  be  a  viscous  fluid  in  the 
one  case,  and  an  electrolytic  conductor  in  the  other.  At  the 
.  outset,  pure  water  typifies  the  rigid  solid. 

♦  S.  and  B. :  Wied.  Aud.,  xx,  p.  621,  1883. 

t  Wiedemann  :  Electricitat,  III,  p.  683  to  698,  3d  ed.,  1883  ;  Bams:  this  Jour- 
nal (III),  xxxiv,  p.  180,  1887.  I  believe  ray  researches  are  the  first  attempt  to 
interpret  these  relations  quantitatively,  and  they  lead  to  the  law  expressed  in  the 
text.     Other  results  I  will  communicate  later. 
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TTie  appli€r«i  ^tre^t  iinparte  a  permanem  strmin  to  the  £oIid. 
ViVroa.r  aeformarioD  b  therefore  accompanied  hv  a  residual 
pLenornerion.  which  manifesu  it^lf  when  the  applied  stress  is 
revera^r*]  or  refjioved.*  In  liquids  acted  on  bv  an  electromotive 
for^:**,  the  anak^^c.T  reaction  i*  the  reciprocating  force  of  gal- 
vanic [polarization. 

Again,  Clan^in*  and  Maxwell's  theories  mntnally  sustain  eadi 
other.  For  if  the  cr»neeption,  that  in  a  solid  molecular  con% 
uratioDs  are  present  in  all  degrees  of  stability,  is  necessary  to 
explain  the  l^fhavior  of  strained  solid  matter,  it  follows  that 
configurations  of  more  prr>nounced  instability  will  be  present 
in  ele<;trolytic  r-ystems.  Conversely  the  fact  that  many  eolids 
can  be  electrolyzed.  points  to  the  occurrence,  in  these,  of  a 
verv  advance^l  state  of  molecular  instability.  To  take  the  con- 
Crete  example  of  glass,  the  same  inolecular  mechanism  which 
at  '/OO"^  promotes  electn»lytic  conduction,  when  the  solid  is 
influenced  bv  electromotive  force,  manifests  itself  at  low  tem- 
peratures  as  the  viscosity  of  the  solid  under  stress. 

IA^x^ralOl7  U.  .S.  f  Jeological  SurTey,  Washingtoiif  D.  C. 


Art.  XX. — On  the  Origin  of  Primary  Quartz  i?i  Basalt ;\ 
by  Joseph  P.  Iddings,  of  the  U.  S.  Geological  Survey. 

A  VERY  interesting  suite  of  volcanic  rocks  has  recently  been 
colh^cted  in  the  Tewan  Mountains,  New  Mexico,  by  Major  J. 
W    Powell  and  Mr.  William  II  Holmes. 

The  collection,  though  not  a  large  one,  embraces  several 
vjiriijticH  of  rhyolite  and  obsidian,  with  numerous  forms  of 
undesite  and  ])a«alt.  The  wliole  group  constitutes  a  graduated 
sericH  of  varieties,  which  range  from  rhyolite  through  andesite 
to  basalt,  with  two  slight  interruptions,  at  dacite  and  olivine- 
bearing  hypersthene-andesite.  The  general  characters  of  the 
nu'iierals  and  of  the  rocks  themselves  correspond  to  those  of 
the  vol(»anic  rocks  occurring  throughout  the  Great  Basin  J  of 
Utah  and  Nevada,  and  of  those  forming  the  volcanoes  of  the 
Pacific  coast, S  and  of  the  KepubHc  of  Salvador,  C.  A.|i 

Without  entering  upon  the  study  of  all  of  these  rocks,  a 
(hwiription  of  which  will  be  found  in  a  forthcoming  bulletin 
of  tlie  U.  S.  (rcological  Survey,  it  is  the  intention  of  the 
present   paper  to  describe  certain  specimens  of  basalt  which 

•  KohlrauHoh:   Pork-  '^nn-i  cxxviii,  p.  419,  18GG. 

♦  UoHii  bolbro  tho  PhiloKophical  Society  of  Washington,  April  29,  1888,  and 
publinhftl  by  ponniHHion  of  tho  Director  of  the  V.  S.  (Geological  Survey. 

i  llnguo  and  IddiugH,  this  Journal,  vol.  xxvii,  June,  1884. 

%  n»id.,  vol.  «vi,  Sept.,  1883.  |  Ibid.,  vol.  xxxii,  July,  1886. 
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libit  a  remarkable  Dumber  of  porphyritic  grains  of  quartz 
i  to  offer  some  explanation  of  its  occurrence. 
The  basalts  in  question  occur  in  the  vicinity  of  Rio  Grande 
Hon.  Those  which  form  the  second  and  fourth  ledges  from 
J  top  of  the  wall  of  the  cafion  are  very  much  alike ;  they  are 
ht  gray,  fine  grained,  dense  rocks  with  small  porphyritic 
rstals.  In  thin  section  they  are  found  to  be  holocrystalline, 
th  much  lath-shaped  plagioclase  and  less  augite  in  grains  and 
>ut  crystals,  besides  magnetite  and  much  colorless  olivine  in 
78tals  and  grains.  There  are  a  few  porphyritic  crystals  of 
vine  and  augite,  and  very  abundant  microscopic  needles  of 
atita 

Seven  other  specimens  of  basalt  were  collected  from  a  large 
w,  covering  the  country  for  four  miles ;  two  of  them  are 
ht  gray  and  dense ;  three  are  greenish  black  and  dense  ;  and 
o  are  dark  red  and  vesicular.  All  are  very  fine  grained. 
The  light  gray  basalts  are  somewhat  like  those  forming  the 
o  ledges  on  the  caiion  wall,  but  carry  more  porphyritic  oli- 
188,  besides  abundant,  small  grains  of  crackled  quartz. 
These  quartz  grkins  are  surrounded  by  light  green  shells, 
lich  are  composed  of  microscopic  augites.  In  some  cases  the 
ills  cover  the  quartz  grains  on  the  surface  of  the  rock ;  in 
lers,  especially  on  weathered  surfaces,  the  quartz  has  dropped 
t,  leaving  the  augite  shell  adhering  to  the  rock  The  quartz 
lins  are  distributed  through  the  rock  quite  as  uniformly, 
>ugh  not  so  abundantly  aa  are  the  crystals  of  olivine. 
In  thin  section  these  two  specimens  of  basalt  are  alike  and 
;emble  those  from  the  cafion  wall,  except  that  they  are 
ghtly  coarser  grained.  They  are  holocrystalline,  and  are 
mposed  of  lath-shaped  and  tabular  plagioclase,  light  violet- 
3wn  augite  in  crystals  and  grains,  mth  magnetite  and  much 
vine  in  grains  and  porphyritic  crystals.  ?«rone  of  the  quartz 
Euns  appear  in  the  thin  sections  of  these  two  specimens,  but 
3  augite  rings  and  clusters  indicate  where  they  were  located 
fore  the  grinding  of  the  sections. 

The  three  specimens  of  greenish  black  basalt  also  exhibit 
icroscopic  olivine  and  abundant  quartz  grains.  The  quartz  is 
3re  compact  and  freer  from  cracks  than  in  the  previous  speci- 

BUS. 

In  thin  sections,  this  form  of  the  basalt  has  the  same  micro- 
•ucture  as  those  just  described,  but  is  finer  grained  and  con- 
ns more  augite.  The  olivine  is  partly  altered  to  dark  green 
rpentine.  In  one  of  these  thin  sections  there  are  seven 
ains  of  quartz  or  indications  of  their  former  presence,  in 
other  section  two,  and  in  the  third  there  are  ten. 

kiL  Jour.  Scl— Thibd  Sbbibs,  Vol.  XXXVI,  No.  213.— Sept.,  1888. 
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The  red,  vesicular  variety  also  bears  many  porphyritic  grains 
of  quartz.  On  the  surface  of  one  side  of  a  small  specimeii 
7*6®^  long  by  6^  wide,  there  are  75  grains,  and  they  are  not 
especiallv  abundant  in  this  particular  specimen. 

In  thm  section  these  red  varieties  resemble  the  general 
microstructure  of  the  gray,  compact  ones,  but  they  do  not 
appear  to  be  holocrystalline ;  there  is  probably  a  little  glass 
present.  The  rocks  are  filled  with  red  oxide  of  iron,  which 
also  colors  the  margins  of  the  porphyritic  olivines.  They  con- 
tain a  little  more  augite  than  do  the  gray  varieties.  Must  of 
the  quartz  grains  have  dropped  out  in  grinding,  but  fragments 
remain,  and  the  augite  rings  indicate  where  they  were  onee 
located. 

As  to  the  nature  of  the  quartz  which  forms  these  porphy- 
ritic grains,  it  is  evidently  not  an  alteration  product  of  other 
minerals  nor  an  infiltration  product,  for  the  rocks  are  quite 
fresh  and  exhibit  a  very  slight  alteration  on  the  surface  of  the 
olivines.  On  the  contrary,  the  quartz  grains  undoubtedly 
existed  in  the  rock-mass  in  their  present  form  previous  to  the 
filial  consolidation  of  the  magma.  For  each  grain  is  closely 
surrounded  by  a  shell  of  augite  crystals,  intimately  connected 
with  the  enclosing  rock-mass. 

This  augite  shell  forms  a  narrow  border  or  ring  in  thin  sec- 
tion, and  IS  composed  wholly  of  crystals  of  augite  radiating 
from  points  along  the  side  of  the  rock  mass  toward  the  quartz. 
The  augite  crjstals  crowd  against  the  surface  of  the  qaartz 
grains,  but  there  is  no  line  of  demarcation  between  them  and 
the  rock-mass ;  the  outside  augites  lie  among  the  feldspar  and 
magnetite  individuals  and  take  part  in  the  general  structure  of 
the  rock.  In  the  coarser  grained  varieties  the  feldspars  some- 
times enclose  a  num])cr  of  the  augites  situated  on  the  outside 
of  the  shell,  thus  demonstrating  that  the  augite  shell  existed 
prior  to  the  final  consolidation  of  the  rock. 

The  substance  of  the  quartz  composing  these  grains  is  pe^ 
feetly  pure,  and  free  from  inchisions  of  gas,  fluid  or  glass :  in 
one  instance  there  was  a  minute  crystal  of  zircon.  Each  grain 
is  a  single  individual,  with  uniform  oi)tical  orientation  through- 
out its  su])6tanee.  Occasionally  two  individuals  are  in  juxta- 
position. But  they  arc  never  made  up  of  aggregates  of  small 
grains,  the  form  which  secondary  quartz  usually  assumes. 
The  grains  are  rounded  or  suhangular. 

The  substance  and  shape  of  the  quartzes  are  like  those  of 
the  porphyritic  quartz  grains  in  otlier  volcanic  rocks  when 
they  are  free  from  inclusions,  as  often  happens  in  rhyolites. 
They  are  not  like  the  quartzes  of  granites  and  gneisses  or  of 
sandstones,  which  are  more  or  less  filled  with  inclusions  of  gas 
and  fluid,  and  frequently  with  individualized  inclusiona 
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It  is  evident,  therefore,  that  the  quartz  grains  in  these  basalts 
are  primary  constituents  of  the  rock  ;  that  they  are  more  like 
the  porphyritic  quartz  secretions  of  other  volcanic  rocks  in 
their  microscopicd  habit  than  like  fragments  of  quartz  from 
granitic  or  gneissic  rocks  or  sandstones. 

Moreover  their  mode  of  occurrence  in  these  particular 
basalts  militates  against  the  theory  that  they  may  be  fragments 
of  foreign  rocks  which  have  been  caught  up  by  the  basalts  dur- 
ing their  eruption.  For  they  are  uniformly  and  intimately 
distributed  through  each  of  the  seven  hand-specimens  which 
were  collected  from  different  parts  of  a  large  basalt  flow,  and 
represent  portions  of  it  which  differ  in  crystallization  and  gen- 
eral habit  Furthennore,  the  grains  are  isolated  individuals 
and  not  clusters  and  never  exhibit  indications  of  having  been 
crystallized  together  with  other  minerals.  They  have  every 
appearance  of  being  primary  secretions  or  crystallizations  from 
the  rock  magma. 

Similar  occurre)*ce8  in  other  localities, 

Mr.  J.  S  Diller  (this  Journal,  Jan.,  1887)  has  described  the 
ocxjurrence  and  distribution  of  very  abundant  ([uartz  grains 
throughout  the  recent  basalt  flow  near  the  Cinder  Cone,  ten 
miles  northeast  of  Lassen's  Peak,  California.  And  his  argu- 
ment for  the  primary  and  essential  nature  of  the  quartz  in  tnis 
particular  basalt  appears  to  me  to  be  conclusive. 

Two  new  occurrences  of  quartz-bearing  basalt  may  be  de- 
scribed in  this  connection,  as  they  go  to  show  that  such  ba- 
salts are  scattered  over  a  large  area  of  country,  having  been 
found  in  California,  Nevada,  Arizona,  New  Mexico  and  Col- 
orado. 

That  from  Arizona  is  a  fine  example  of  quartz-bearing  ba- 
salt ;  it  is  a  red  compact  rock  from  the  cation  near  granite 
tanks  in  the  vicinity  of  Santa  Maria  Basin,  and  was. collected 
by  Mr.  Clarence  King.  In  the  hand  specimen  the  only  por- 
phyritic secretions  are  rounded  grains  of  glassy  quartz  from 
one  to  eight  millimeters  in  diameter,  together  with  somewhat 
smaller  olivines.  The  quartz  grains  are  so  numerous  that  one 
small  specimen  about  6  cm.  square  shows  as  many  as  30 
grains  on  all  its  surfaces. 

In  thin  sections  the  basalt  is  glassy,  with  abundant  lath- 
shaped  plagioclase  and  much  red  oxide  of  iron  scattered 
through  it,  which  obscures  the  other  constituents.  The  ground- 
mafis  bears  small  porphyritic  crystals  of  light  green  augite  and 
olivine.  In  the  dense  specimens,  the  olivine  is  partly  fresh 
and  colorless,  partly  colored  orange  and  red.  In  the  porous 
specimens,  the  olivine  has  been  entirely  removed,  leaving  its 
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characteristic  outlines  marked  by  iron  oxide.      The  angite  is 
more  or  less  reddened. 

The  quartz  is  the  same  in  both  varieties.  It  forms  rounded 
and  subangular  grains,  of  very  pure  substance,  almost  free 
from  inclusions.  The  few  inclusions  observed  consist  of  color- 
less glass,  in  one  instance  gas,  besides  a  small  zircon  and  an 
apatite. 

In  only  a  few  instances  do  the  quartz  grains  possess  a  con- 
tinuous shell  of  augite  crystals.  iMost  of  the  grains  are 
bounded  directly  by  the  ground  mass  of  the  rock,  or  have  a 
fragmentary  augite  shell  which  is  sometimes  separated  from  the 
quartz  grain  by  red  glass,  sometimes  by  a  strip  of  gronndmasfl 
whose  flow  structure  indicates  that  it  has  forced  its  way  be- 
tween the  augite  shell  and  the  quartz  grain. 

Fragments  of  augite  shells  are  observed  at  some  distance 
from  the  quartz,  or  even  entirely  isolated  in  the  rock 
mass,  from  which  it  appears  that  the  quartz  grains  were  at 
one  time  surrounded  by  a  shell  of  augite,  as  in  most  other  oc- 
currences of  quartz-bearing  basalt,  but  that  in  this  instance 
the  subsequent  movement  of  the  magma  broke  the  shells  and 
dislocated  them. 

The  second  occurrence  to  be  described  is  that  of  a  dark 
colored,  fine-grained  basalt  from  Elk  Head  Creek,  at  the  south- 
east base  of  Anita  Peak,  15  miles  northeast  of  Haydea,  Col 
orado,  in  which  porphyritic  quartz  grains  are  very  abundant. 
Dr.  Whitman  Cross  kindly  furnished  me  with  tiie  thin  sec- 
tions of  this  rock  for  study  and  description.     They  present 
two  modifications  of  the   basalt,  and  show  that   the  rock  is 
partly  altered,  the  olivines  having  been  converted   into  ser- 
pentine, which  is  disseminated  through  the  rock.      The  rock 
resembles  the  basalt  from  the  Rio  Grande  cafion,  N.  M.,  in 
mineral    composition   and    structure,    but   the   quartz   grains, 
which  are  very  abundant,  have  a  somewhat  dinerent  micro- 
scopical character.     They  are  surrounded  by  an  augite  shell 
in  every  case.     But  the  shell  is  quite  thin  and  its  connection 
with   the  quartz  substance  is  more  intimate.      In  places  the 
augites  penetrate  the  quartz  substance.     In  some  instances  the 
quartz   exhibits   sharp-edged  crystal  boundaries.     The  quartz 
grain  is  sometimes  made  up  of  two  or  three  individuals  crys- 
tallized  together.      The   inclusions  arc  numerous  and  consist 
of  gas  cavities  and  less  abundant  glass  inclusions,  besides  zir- 
con and  apatite.     The  microscopical  character  of  the  quartz  re- 
sembles that  of  certain  porphyries. 

Its  primary  nature  is  shown  by  the  presence  of  glass  inclu- 
sions and  the  encircling  shells  of  augite,  and  by  its  uniform 
distribution  through  the  rock.  The  existence  of  crystal  bound- 
aries shows  that  there  was  little  if  any  resorption  of  the  quart* 
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t)j  the  surrounding  magma.  The  enclosure  of  augite  crystals 
Dear  the  margin  oi  grams  containing  glass  inclusions  indicates 
that  the  crystallization  or  secretion  of  the  quartz  took  place 
in  a  molten  magma  in  the  presence  of  augite  crystals  similar 
bo  those  forming  the  enclosing  shells. 

Quartz  grains  occur  in  the  same  manner,  but  to  a  much  less 
extent,  in  some  of  the  basalts  near  Eureka,  Nevada.  They  are 
very  abundant  in  certain  basaltic  rocks  from  the  neighborhood 
[)f  Crescent  and  Whitehead  Peaks  and  Camel  Mt,  Colorado. 

Possible  origin  of  tfie  porphyritic  quartz, 

Krxeptiafial  occurrence. — The  occurrence  of  primary  quartz 
in  more  or  less  rounded  grains  in  basaltic  rocks  is  exceptional, 
and  contrary  to  the  laws  which  appear  to  govern  the  develop- 
ment of  the  mineral  constituents  of  volcanic  rocks.  The  min- 
erals developed  being  the  result  of  the  chemical  affinities  in- 
herent in  a  complex  Solution  of  silica,  alumina,  with  certain 
alkaline  earths  and  alkalies  (mainly  iron,  lime^  magnesia,  soda 
and  potash),  between  the  various  demands  of  which  there 
must  be  a  mutual  accommodation,  it  is  evident  that  the  re- 
sulting minerals  must  be  those  which  under  the  conditions 
attending  their  crystallization  satisfy  all  the  chemical  demands 
mposed  by  those  conditions. 

Juimitea  variation  of  conditions, — That  a  change  in  the  con- 
litions  under  which  crystallization  takes  place  in  a  mixed  solu- 
tion affects  the  nature  of  the  crystallization  is  well  known, 
md  has  been  demonstrated  experimentally.  From  the  gener- 
dly  uniform  nature  of  the  crystallization  of  most  volcanic 
•ocks,  the  correspondingly  uniform  conditions  attending  their 
jrystallization  are  indicated.  Where  variations  in  the  pro- 
iucts  of  crystallization  occur,  the  conditions  effecting  them 
tnay  often  be  recognized.  Hence,  variations  from  the  general 
order  and  nature  of  crystallization  within  certain  limits  have 
become  generally  accepted  facts,  so  that  no  one  expects  the 
mineral  composition  of  rocks  to  be  in  rigid  accord  with  their 
chemical  composition  within  these  limits. 

An  exception  einphxisizing  greater  variations. — While  in 
the  great  majority  of  cases  the  mineral  composition  of  vol- 
canic rocks  indicates  a  generally  uniform  range  of  conditions 
which  must  have  attended  their  consolidation,  yet  there  are 
exceptions  to  the  ordinary  grouping  of  minerals  in  these 
rocks  that  emphasize  the  influence  of  certain  attendant  condi- 
tions, which  must  be  regarded  as  physical.  An  instance  of 
this  is  the  mineral  association  in  the  lithophysse  of  the  rhyo- 
litic  obsidian  from  Obsidian  Cliff,  Yellowstone  National  Park, 
*nd  from  Cerro  de  las  Navajas,  Mexico.     These  holocrystalline 
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portions  of  the  acid  lava  are  composed  of  alkali-feldspar, 
quartz,  tridymite  and  fayalite,  an  iron  olivina  The  latter 
mineral  is  in  very  small  amount  compared  with  the  free  silica, 
quartz  and  tridymite. 

Inf/uence  of  absorbed  water  — In  a  paper  on  this  occurrence 
(this  Journal,  xxxiii,  Jan.,  1887)  I  have  discussed  the  matter 
at  length,  and  after  calling  attention  to  the  experiments  of  M. 
Daubree  on  the  action  of  superheated  steam  on  acid  glass,  and 
to  the  experiments  of  others  who  have  undertaken  to  prodnce 
these  minerals  artificially,  I  arrived  at  the  conclusion,  that  this 
anomalous  a&sociation  of  primary  igneous  minerals  was  most 
probably  brought  about  by  aqueo-igneous  action,  induced  by  the 
influence  of  water  vapor  absorbed  in  the  molten  glass.  The 
strong  mineralizing  influence  of  the  water  vapor  under  such 
conditions  becoming  apparent  both  in  the  structure  and  com- 
position of  the  lithophysfie  and  of  the  alternating  crystalline 
and  glassy  layers  in  the  laminated  lithoidal  portion  of  the  same 
flow  of  lava.  For  in  the  latter  case  the  thin  horizontal  lami- 
nsB  of  the  magma  in  any  particular  portion  of  the  mass  must 
have  been  subjected  to  like  rates  of  cooling  and  similar  pres- 
sure, yet  these  laminae  solidified  alternately  holocrystalline  and 
glassy. 

Comparison  of  exceptional  occurrences. — The  occurrence  of 
iron  olivine  in  a  rhyolite  with  75  per  cent  of  silica  and  less 
than  2  per  cent  of  iron  oxide  is  as  remarkable  and  as  excep- 
tional as  that  of  quartz  in  the  form  of  porphyritic  secretions 
in  basalt.  They  are  both  of  the  same  kind,  in  that  they  are 
the  occurrences  of  extremely  acid  and  basic  silicate  minerals 
together  in  rocks,  where  we  are  generally  accustomed  to  see 
silicate  minerals  of  intermediate  or  of  more  closely  related 
composition. 

In  the  first  instance,  however,  most  of  the  conditions  under 
which  the  minerals  crvstaliized  can  ])e  surmised,  but  in  the 
second  case  there  is  much  more  uncertainty.  For  the  quartz 
was  evidently  crystallized  in  some  early  period  in  the  history 
of  the  rock,  when  the  conditions  then  existing  made  its  separa- 
tion from  the  magma  necessary. 

Indications  of  altered  lihusical  conditions, — From  the 
rounded  form  of  the  quartz  grains  it  is  probable  that  the 
quartzes  were  being  resorbed  by  the  basic  magma  when  the 
final  solidification  of  the  rock  took  place. 

A  similar  resorption  of  por])hyritic  minerals,  which  have 
crystallized  in  an  earlier  period  of  a  rock's  existence  is  of  com- 
mon occurrence  in  nearly  all  volcanic  rocks,  as  for  example, 
partly  resorbed  hornblendes  and  feldspars,  and  the  rounded 
quartzes  of  rhyolites  and  porphyries.  And  the  idea  that  these 
phenomena  indicate  changes  in  the  physical  conditions  and  not 
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e  chemical  composition  of   the   magma  is  a  generally 
ted  one.     What  some  of  these  changes  of  condition  prob- 
were  may  be  indicated  by  the  foUowmg  considerations. 
nsidercLtion  of  poasihle  cJianges  of  physical  condition. — 
3  conceive  of  a  molten,  viscous  magma  situated  at  a  great 

I  beneath  the  earth's  surface,  the  two  factors  which  at 
appear  to  have  the  greatest  influence  on  its  existence  as  a 
c  or  molten  magma  are  temperature  and  pressure, 
iuence    of  temperature. — Other  things    remaining    the 

the  magma  will  be  more  plastic  the  higher  the  tempera- 
and  with  a  decrease  of  temperature  below  a  certain  point 
lidation  will  take  place. 

isolidation  under  these  circumstances  would  undoubtedly 
ice  crystallization,  as  a  rapid   chilling   at   great   depths 

II  the  earth  is  scarcely  conceivable.  However  the  nature 
e  crystallization  would  vary  within  certain  limits  with  the 
f  cooling. 

luence  of  pressure, — If,  now,  the  temperature  remains 
ime  and  the  pressure  varies,  assuming  that  an  increase  of 
ire  diminishes  the  mobility  of  the  molecules  of  the 
la  by  condensing  them,  which  from  a  theoretical  stand- 
appears  the  most  rational  supposition,  and  which  has  re- 
1  support  from  the  recent  experiments  of  Dr.  Wm. 
ck  ;*  and  it  having  been  demonstrated  that  the  silicate 
•alsf  and  glasses:}:  belong  to  that  class  of  substances  which 
let  upon  solidification,  we  should  expect  that  an  increase 
Bssure  alone  would  tend  to  consolidate  the  mass.  This 
conclusion  reached  by  Reyer  in  his  work  entitled,  "  Bei- 
zur  Fysik  der  Eruptionen  und  der  Eruptiv-Gesteine." 
la,  1877,  p.  119. 

'reaped  viscosity. — Dr.  Hal  lock's  observations  show  that 
il,  statical  pressure,  unaccompanied  by  heat,  simply  in- 
fi  rigidity  or  viscosity.  But  that  in  cases  where  pressure 
)wed  to  produce  motion  by  the  crushing  or  yielding  of 
lolecules  of  a  substance,  the  internal  friction  may  gene- 
leat  enough  to  fuse  the  substance,  that  is,  to  reduce  its 
ty  or  viscosity. 

)  solidification  of  a  glassy,  amorphous  mass  by  increasing 
jcosity  might  convert  it  into  a  solid  glass  or  into  a  crys- 
)  mass,  according  to  whether  the  viscosity  was  suddenly 
sed  or  slowly  increased.  The  changes  being  analogous 
3  rapid  increase  of  viscosity  by  chilling,  or  the  slower 
se  by  gradual  cooling,  the  latter  allowing  the  molecules 
■ange  themselves  in  obedience  to  certain  chemical  afiini- 

*This  Journal,  October,  1887. 

+  Hoth,  AUpr.  u.  Chem.  Geol.,  Bd.  II,  p.  52. 

JLagorio,  T.  M.  P.  M.,  voL  viil,  1887,  510. 
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ties  into  crystallized  minerals,  the  former  preventing  such  an 
arran«i^ment. 

Moreover  if,  as  Professor  A.  Lagorio  has  done  in  a  recent 
paper  (T.  M.  P.  M.,  vol.  viii,  1887,  421)  we  consider  rock  mag- 
mas as  saturated  solutions  of  silicate  salts,  and  apply  to  them 
the  law  which  Sorby  deduced  for  aqueous  solutions  of  salts, 
namely,  that  the  solubility  of  those  salts,  which  like  the  sili- 
cates expand  upon  solution  and  condense  upon  crystallization, 
is  decreased  by  increasing  pressure ;  or,  in  other  words,  that 
increasing  pressure  tends  to  crystallize  such  salts  from  floln- 
tion  ;  then  an  increase  of  pressure  alone  would  induce  the 
crystallization  of  certain  silicate  minerals  from  a  molten  magma, 
or  might  lead  to  the  crystallization  of  the  whole  magma. 

UiiHtable  ro7iw/i(/(ttlo7i, — According  to  these  views  of  the 
effect  of  pressure  on  the  viscosity  of  magmas  and  on  their 
crystallization,  we  should  exj>ect  that  an  increase  of  pressnre 
would  lead  to  the  consolidation  of  magmas  at  temperatar€8 
above  their  melting  point  for  lower  pressures.  And  we  might 
therefore  have  a  highly  heated  magma  within  the  earth  under 
such  ]>rossure  that  it  exists  as  a  solid  mass,  which  may  be 
either  crystallized  or  amorphous,  or  partly  crystallized  and 
partly  amorphous.  Such  a  condition  would  be  one  of  unstable 
consolidation. 

InrffftfUY  of  ff'tiftr  r(//x>;' — Another  agent  or  force  undonbt- 
edly  ]>lays  an  important  j)art  in  the  liquefaction  as  well  as  in 
the  crystallization  of  heated  magmas.  The  influence  of  water 
vapor  on  the  viscosity  v{  lavas  has  Iweu  suggested  long  agobv 
Srrojv  and  otheiv,  and  of  its  i)art  as  the  explosive  agent  in 
volcanic  oruptii»ns  there  can  be  little  doubt.  Its  presence  in 
laviTcr  or  smaller  anumnts  in  almost  ever^'  volcanic  rock  has 
often  boon  don\onst rated. 

/\'ff,itt\'  stfh<fii/4rt.s, —  The  bearing  of  Dr.  Guthrie's  experi- 
nuMits    with    crvohvdratos    or    eutei'tic    substances   upon  this 
problem  has  been  brought  out  by  Professor  J.  W.  Jndd  in  a 
rceni   paper.     \(icol.   Slag.,  Jan..   ISSS.)     The  characteristic 
feature  oi  these  mixed  com]x»unds  is  that  their  melting  point 
is  considerably  below  that  of  the  c«»mponent  substances;  they, 
theret'ore,   behave  liko  alloys.     Most  of  the  substances  experi- 
mented  with   were  hydrates,  of  which  niter  is  chosen  as  an 
example.     Inder  ordin.irv  Cfudiii^'us  this  substance  melts  at 
o*Ji'    i\,  upot\  tile  addition  v^*  •J9'«»7  jvr  cent  of  water  it  melts 
at  *.>T  r»    r.     lliiuv  a  mass  of  niter  within  the  earth  would  !« 
solid  at  ;UH^'  i\  but  at  ti:e  s:une  teinjx^ratnres  upon  the  acces- 
sion of  l^  or  -0  per  cent  K>i  waiiT  it  w.iuld  l>e  molten,  or  in  a 
condition  lo  bocon.c  r.:,'lteii  ::  I'.o  presc^ure  did  not  prevent  it 
rn*fo>>or  Juvid  car.>  aT:ev.:iv^!i  ti»  ti.c-  jx»wer  of  the  water  of 
hvdnuiou   to  lower  the  nultiv.g  jH»int  of  zeolites  and  siliceous 
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glasises,  such  as  tachylites,  hydrotachylites,  palagonites,  etc. 
Professor  Lagorio  states  that  the  feldspars  of  the  limensoda 
feldspar  series  behave  like  eutectic  substances. 

Increased  liquidity  of  magmas. — The  increased  fusibility  of 
hydrated  glass  has  been  demonstrated  by  M.  Daubree  (Iltudes 
Synth^tiques  de  Geologic  Exp6rimentale.  Paris,  1879,  p.  161), 
and  may  be  easily  recognized  in  the  case  of  obsidian  carrying 
0*5  per  cent,  of  water,  like  that  from  Obsidian  Cliff.  When 
this  is  fused  before  an  oxy hydrogen  blowpipe  it  melts  at  some- 
thing less  than  white  heat  to  an  inflated  glass,  which,  at  first, 
is  quite  fluid  and  flows  away  rapidly  from  the  strong  current 
of  the  blowpipe  flame.  After  driving  off  all  the  water  from 
this  glass  and  allowing  it  to  cool,  a  colorless  glass  is  obtained 
which  only  melts  before  the  same  blowpipe  flame  at  an  intense 
white  heat,  and  then  forms  a  very  viscous  glass  which  moves 
sluggishly  before  the  same  blowpipe  current. 

Itetarded  viscosity  and  greater  orystaUization. — If  we  con- 
sider the  influence  of  water-vapor  in  increasing  the  liquidity 
of  molten  magmas  as  simply  a  physical  one,  it  must  tend  to 
increase  the  mobility  of  the  molecules  among  themselves.  One 
effect  of  absorbed  water,  then,  would  be  to  retard  the  increas- 
ing viscosity  of  a  rapidly  cooling  magma,  which  might  permit 
the  crystallization  of  the  more  hydrated  portions,  while  the 
less  hydrated  parts  became  too  viscous  and  solidified  as  glass. 
A  condition  of  affairs  which  undoubtedly  existed  in  the  ob- 
sidian magma  at  Obsidian  Cliff,  where  holocrystalline  areas 
occur  irregularly  scattered  through  glassy  ones. 

Different  kind  of  crystaUizatioti. — It  is  to  be  remarked  that 
the  crystallization  which  was  in  this  instance  specially  induced 
by  the  influence  of  superheated  steam,  differs  from  that  which 
usually  takes  place  in  acid  lavas  upon  cooling,  and  that  the 
result  was  the  production  of  extremely  basic  and  acidic  min- 
erals by  the  side  of  one  another,  or  the  production  of  extremes. 
A  result,  which  is  in  a  measure,  analogous  to  the  dissociation 
of  the  base  and  acid  of  a  chemical  compound  by  heating.  The 
absorbed  water- vapor  apparently  weakened  the  aflSnity  between 
the  bases  and  the  silica  and  permitted  them  to  separate  into 
more  basic  silicates  and  quartz  or  tridymite. 

Potential  mobility, — Exactly  what  influence  absorbed  water- 
vapor  has  upon  deeply  seated  molten  magmas  we  do  not  know, 
but  it  seems  reasonable  to  assume  that  its  physical  influence  is 
of  the  same  kind  as  that  upon  molten  magmas  on  the  surface 
of  the  earth,  for  in  the  two  cases  the  most  noticeable  difference 
18  that  of  the  pressure  under  which  each  exists.  Hence  we 
may  assume  that  its  most  potent  influence  lies  in  the  increased 
mobility,  which  it  tends  to  impart  to  the  molecules  of  the 
majsa     But  in  a  confined  magma  this  must  be  combined  with 
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an  increase  of  pressure  a^inst  and  from  the  retaining  wallg, 
which  pressure  we  have  assumed  tends  to  decrease  the  mobility 
of  the  molecules.  And  of  course  the  actual  mobility  or 
liquidity  of  the  magma  will  depend  on  the  relation  between 
these  two  tendencies,  which,  if  balanced,  will  result  in  the 
storing  up  of  potential  mobility,  which  would  show  itself  should 
the  pressure  be  relieved. 

Heated^  hydrated  niagina  underpressure:  unstable  rigidity. 
— We  mav  then  imagine  a  heated,  hydratea  magma  within  the 
earth  under  such  a  pressure  that  it  has  become  solid,  the 
rigidity  being  an  unstable  one ;  and  we  may  further  assume 
that  this  solidification  is  either  to  an  amorphous,  glassy  mass, 
or  to  a  more  or  less  crystallized  one,  that  is,  to  one  which  is 
wholly  crystallized  to  an  aggregation  of  minerals,  or  to  one 
which  is  made  up  of  crystallized  minerals  and  rigid  amorphous 
material ;  a  glassy,  porphyritic  mass.  Under  these  conditions 
the  solid  magma  will  possess  a  potential  mobility  or  liquidity, 
which  will  exert  itself  to  melt  the  solid  mass,  if  the  pressure  is 
relieved  or  lessened,  as  may  happen  when  the  fracturing  of  the 
earth^s  crust  ruptures  the  retaining  walls  and  permits  the  escape 
of  this  pent-up  body,  stored  with  gigantic  expansive  energy. 

Jiefusion, — The  melting  up  of  an  unstable,  solidified  mass 
by  the  heat  inherent  in  it  would  undoubtedly  proceed  differ- 
ently in  the  diflEerent  minerals  or  the  glass  composing  it,  some 
fusing  more  rapidly  than  others.  The  diflference  would  be  the 
greatest  between  anhydrous  refractory  minerals,  like  quartz, 
and  hydrated  glass,  through  which  they  might  be  scattered 
porphyritically.  If  the  refusion  is  complete,  nothing  will 
remain  to  indicate  a  former  state  of  solidification.  If  the 
process  of  fusion  is  checked  by  the  cooling  of  the  magma  in 
consequence  of  its  eruption  through  cooler  rock  masses,  there 
might  remain  in  the  cooling  magma  remnants  of  the  minerals 
previously  existing  in  it. 

Final  consolidation. — Moreover  it  is  evident  that  the  nature 
of  the  minerals  of  final  consolidation  will  be  affected  by  the 
nature  and  amount  of  the  minerals  formed  at  the  time  of 
unstable  consolidation  which  remain  unmelted.  If  these  are 
highly  acid  the  minerals  of  final  consolidation  will  be  propo^ 
tionately  basic,  and  vice  versa. 

Application  to  quartzAyearing  basalt, — Applying  the  fore- 
going general  considerations  to  the  occurrence  of  porphyritic 
quartz  grains  in  basalts,  it  seems  reasonable  to  suggest  that  the 
production  of  extremely  acid  and  basic  silicate  minerals  in 
deep-seated  magmas  may  have  been  brought  about,  like  their 
production  in  certain  magmas  after  they  have  reached  the  sur- 
face, by  the  influence  of  absorbed  water  acting  under  favorable 
conditions  of  pressure  and  temperature,  which  combined  to 
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solidify  the  maffma  more  or  less  completely  for  the  time  being, 
but  which,  as  tne  quartz  grains  themselves  show,  was  an  un- 
stable solidification,  which  subsequently  yielded  to  the  poten- 
tial liquidity  of  the  magma,  resulting  in  the  partial  resorption 
of  the  quartz  crystals  before  the  final  consolidation  of  the  rock 
to  its  present  form. 

Reyer,  (L  c.  p.  166),  suggests  that  pressure  and  different 
degrees  of  saturation  with  absorbed  water  may  lead  to  meta- 
meric  processes.     And  also  states  that  the  development  of 

Suartz  in  rock  magmas  requires  a  considerable  saturation  of 
ie  magma  with  water. 

Prof.  Lagorio  (L  c.)  refer*  the  concurrence  of  quartz  and  oli- 
vine in  the  same  rock  to  the  super  saturation  ox  the  ma^ma 
with  silica  and  magnesia,  but  this  idea  of  itself  is  not  suflScient 
to  account  for  the  occurrence  of  quartz  in  magmas  with  the 
normal  basaltic  composition,  where  it  generally^  does  not  occur, 
as  it  is  not  sufficient  to  explain  the  occurrence  of  fayalite  in 
rhyolitic  obsidian,  having  75  per  cent  of  silica  and  less  than 
2  per  cent  of  iron  oxide. 

Confirmatory  ohaervations. — If  the  foregoing  explanation 
which  refers  the  production  of  the  quartz  in  these  basalts  to 
physical  conditions  apart  from  chemical  ones  is  correct,  we 
should  expect  to  find  such  anomalous  associations  of  minerals 
in  other  varieties  of  volcanic  rocks,  and  should  not  expect  to 
find  a  necessary  correspondence  in  the  chemical  composition  of 
all  basalts  which  carry  porphyritic  quartzes.  Nor  should  we 
expect  to  find  the  quartz-bearing  varieties,  which  are  excep- 
tional, necessarily  holding  a  definite  relation  in  point  of  age  to 
the  other  volcanic  rocks  with  which  they  are  associated.  Tnese 
expectations,  I  think,  are  realized  by  the  following  observa- 
tions. 

Porphyritic  quartz  in  other  volcanic  rocks. — The  first  point 
is  beautifully  illustrated  in  the  suite  of  rocks  in  the  collection 
from  New  Mexico,  for  it  shows  that  similar  quartz  grains  occur, 
in  almost  all  of  the  varieties  of  volcanic  rocks  from  this  region, 
and  that  their  occurrence  is  not  uniform  throughout  the  series. 
Thus  in  most  of  the  rhyolites  rounded  grains  of  quartz 
are  very  abundant,  but  in  some  specimens  they  are  absent 
(obsidian  and  lithoidite).  In  the  single  specimen  of  mica-ande- 
site  they  are  wanting.  In  the  hornblende  inica-andesites,  some 
specimens  show  a  considerable  number  of  quartzes;  one,  a 
few,  and  others,  none.  In  the  homblende-pyroxene-andesites, 
one  specimen  shows  many  quaitz  ii^rains ;  others,  considerable ; 
and  some,  none.  Of  the  five  specimens  of  pyroxene-andesite, 
one  shows  a  few  grains  of  quartz  ;  the  rest,  none.  And  of  the 
twelve  specimens  of  basalt,  seven  show  much  quartz ;  the 
others,  none. 
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Another  group  of  volcanic  rocks,  specially  characterized  by 
abundant  rounded  grains  of  quartz,  occurs  in  the  vicinity  of 
Crescent  Peak,  Colorado.  The  group  embraces  basalt,  ande- 
site  and  possibly  trachyte.  These  all  bear  rounded  ffrains  of 
quartz,  and  some  of  the  olivine  bearing  varieties  also  cany 
hornblende  paramorphs,  which  furnish  additional  evidence  of 
a  change  of  physical  condition  from  one  which  induced  the 
crystallization  of  certain  minerals,  to  a  later  one,  in  which  they 
were  partially  resorbed. 

Chemical  sifnilarity  of  basalts  with  and  with<mt  quartz,^ 
That  the  chemical  composition  of  quartz-bearing  basalts  is  not 
characteristic  of  a  particular  modi^cation  of  rock  magma  will 
be  seen  from  the  accompanying  analyses : 

I.  II.  ni.  IV.  V.  VI. 

SiOa 52-27           52-37  5157  52-38  57*25  56-28 

TiOa 1-49             1-60  1-43  1-22  0*60  0-84 

Al,03.--     17-68           17-01  17-72  1879  16-45  14-23 

FeaO,...       2-51             1-44  624  288  1-67  4-69 

FeO 500            5-89  178  490  4*72  4-05 

MnO 0-23             0-32  0  45  0-18  O'lO  016 

CaO 8  39             7-69  882  770  7-65  7*94 

MgO 6  05             6  86  491  491  674  637 

BaO 006            006  016  Oil  000 

SrO    tr. 

KsO 1-58             1-59  1-99  1  76  1*67  1-23 

Xa.jO  ...       4-19            3-51  359  399  3*00  2-98 

LiaO 0-00  0-01 

H.jO 0-82             1-29  0-64  053  0*40  093 

COa tr.              0-37  0-58            

PaOft 0-56  0-20  0-40 

CI  tr.                tr.             on 

SO, tr. 

100-27  99-90  99-88  99-91         100-36         10028 

I.  Qiiartz-beariug  basalt,  Rio  Grande  Cafion,  N.  M.     (L.  G.  Eakins.) 

TT  ti  ii  >(  i.  (i  (( 

TTT  >i  ii  .i  ti  ti  i\ 

IV.  Basalt  without  quartz,  "  "  "  " 

V.  Quartz-bearing  basalt.   Cinder  Cone,  Lassen's   Peak,   Cal.     (W.  F.  Hille- 

brand.) 

VI.  Quartzose  diorite.     Electric  Pk.,  Yellowstone  Park.    (J.  E.  Whitfield) 

The  first  three  are  of  three  forms  of  quartz-bearing  basalt 
from  Rio  Grande  Cafion  ;  the  first  is  a  light  gray  dense  basalt; 
the  second,  a  greenisli  black,  dense  basalt ;  and  the  third,  a 
dark  red  vesicular  basalt.  They  have  practically  the  same 
composition  with  slight  variations.  The  higher  oxidation  of 
the  iron  in  the  red  rock  is  indicated  by  the  high  percentage  of 
ferric  oxide  in  analysis  III. 

The  fourth  analysis  is  of  a  gray,  dense  basalt  from  Ro 
Grande  Cafion,  which  resembles  the  basalt  from  which  the  M 
analysis  was  made,  except  that  it  exhibits  no  quartz,  either  itt 
macroscopic  or  microscopic  grains.  These  four  are  nonnaj 
basalt  analyses  resembling  one  another  as  closely  as  analyses  o* 
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ilar  rocks  usually  do.  There  are  no  greater  differences  be- 
en the  analysis  of  the  variety  without  quartz  and  those  of 
quartz-bearing  varieties  than  there  are  between  the  analy- 
of  the  three  quartz-bearing  varieties.  So  that  the  occur- 
36  of  the  quartz  in  this  instance  cannot  be  ascribed  to  any- 
iff  exceptional  in  the  chemical  composition  of  the  magma. 
'hemical  differences  between  basalts  with  quartz. — The  fifth 
lysis  is  that  published  by  Mr.  Diller  in  the  paper  already 
a.  It  shows  a  different  chemical  composition  for  this  form 
luartz-bearing  basalt,  which  is  more  acid  than  typical  basalt, 
corresponds  more  closely  to  some  andesitic  forms  of  vol- 
ic  rocks. 

t  is  probable  that  additional  analyses  of  other  quartz-bearing 
alts  will  show  as  great  a  variation  in  their  chemical  compo- 
3n  as  exists  between  that  of  basalts  free  from  quartz  grains. 
Different  mineral  devehpment  of  cheraicaUy  similar  ma^- 
s. — The  sixth  analysis  is  presented  for  comparison  with 
Jysis  V.  It  is  that  of  a  magma  of  very  nearly  the  same 
jmical  composition,  slightly  more  basic,  which  has  consoli- 
«d  under  different  conditions.  It  may  serve  to  illustrate 
D  points :  first,  the  mineralogical  extremes  to  which  chemi- 
ly  similar  magmas  may  be  developed.  Second,  the  possi- 
ity  of  a  basaltic  magma  having  existed  at  some  previous 
•iod  in  a  condition  of  unstable  consolidation,  in  whicn  quartz 
»ht  have  been  ciystallized  out.  Analysis  VI  is  of  a  coarse 
lined,  quartzose  aiorite,  perfectly  fresn  and  unaltered,  of 
te  recent  geological  age,  and  which  is  composed  of  plagio- 
36  feldspar,  quartz,  hornblende,  biotite  and  pyroxene,  with 
^ssory  magnetite,  apatite  and  zircon.  The  quartz  is  in  con- 
erable  quantity,  very  much  more  than  the  amount  of  quartz 
ierved  in  quartz-bearing  basalfcs.  The  discussion  oi  this 
rite  is  reserved  for  another  paper,  which  is  in  process  of 
jparation. 

Summary, 

rhe  principal  points  brought  out  in  this  paper  may  be  briefly 

ted  as  follows : 

rhe  quartz-bearing  basalt  from  Rio  Grande  Cafion  belongs 

a  series  of  volcanic  rocks,  characterized  by  a  variable  amount 

porphyritic  quartz  in  rounded  grains. 

these  quartzes  are  primary  crystallizations  from  the  molten 

gma,  and  exhibit  no  definite  relation  to  its  chemical  compo- 

on. 

rheir  production  is  to  be  referred  to  certain  physical  condi- 

ns  attending  some  earlier  period  of  the  magma's  existence. 

From  analogy  with  the  occurrence  of  iron  olivine  in  rhyo- 

ic  obsidian,  it  seems  probable  that  the  formation  of  primary 

artz  in  basalt  took  place  under  the  influence  of  water- vapor 

a  great  pressure. 
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Abt.  XXL — Mineralogical  Notes;  by  Geo.  F.  Eukz. 

1.  Phenacite  from  Maine. 

In  May,  1888,  some  crystals  of  phenacite  were  found  Betr 
Stoneham,  Me.,  in  a  vein  of  coarse  albitic  granite,*  associated 
with  crystals  of  smoky  quartz,  topaz  and  moscovite.  Some  of 
the  crystals  were  implanted  on  smoky  quartz.  A  few  of  them 
were  attached  to  the  matrix  by  one  of  the  rhombohedral  faces 
so  loosely  that  they  could  be  removed  without  being  broken. 
They  were  about  thirty  in  number,  lenticular  in  diape  and 
measured  from  3  to  12°^  across,  and  from  1  to  8""  in  thick- 
ness. They  were  all  white  or  colorless,  and  had  polished  faces; 
the  form  being  for  the  most  part  very  simple.  Figure  1  of 
the  series  from  Pike's  Peak,  Colorado,  described  by  Jrenfieldtf 
is  an  exact  counterpart  of  the  more  highly  modified  form. 

Of  the  topaz  there  were  found  about  a  dozen  crystals  which 
had  unfortunately  been  broken  from  the  gangue.  They  were 
colorless,  light-green  or  cherry  colored  on  the  outer  sides  and 
colorless  in  the  center.  The  largest  crystal  measured  H  inebes 
in  height  and  thickness.  Almost  all  the  crystals  contained 
irregular  hollow  spaces  from  1  to  10°^  acros&  In  habit  the 
crystals  closely  resemble  those  from  Chej^enne  Mountain,  Colo- 
rado. 

It  is  throurfi  the  courtesy  of  Messrs.  E.  D.  Andrews,  T.  F. 
Lamb  and  N.  H.  Perry,  that  I  have  obtained  the  crystals  and 
the  facts  in  regard  to  their  occurrence. 

2.    Quartz  Pseudomorphs  after  Spodumene. 

In  1887,  at  the  spodumene  locality  at  Peru,  Maine,  which 
has  furnished  tons  of  that  mineral  for  commercial  purposes, 
there  were  found  some  crystals  in  which  the  original  spodumene 
had  been  almost  entirely  replaced  by  white  quartz,  with  the 
exception  of  a  white  core  of  crystallized  albite.  These  crystals 
are  remarkable  for  the  sharpness  of  the  striated  prismatic  faces; 
the  terminations  are  not  so  distinct.  The  surface  of  the  cm- 
tals  is  covered  with  a  coating  of  damourite.  The  alterations 
of  quartz  after  spodumene  are  fully  described  by  Julien,^  from 
the  granite  veins  of  Hampshire  County. 

3.  A  remarkable  variety  of  transparent  Oligoclase. 

In  December,  1887,  some  specimens  of  feldspar  were  sent 
to  me  for  examination  by  Mr.  Daniel  A.  Bowman,  who  ob- 

♦  This  Journal,  ni,  xxvii.  212.  f  This  Journal,  Til,  xxjdii,  131. 
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them  from  the  Hawk  Mica  Mine,  four  miles  eaet  of 
iville,  North  Carolina.  They  were  found  at  a  depth  of 
et,  and  proved  to  be  a  variety  of  oligoclaee,  remarkable 

traneparency.  The 
t  piece  measured 
1  inches.  In  color, 
I   faint  window  glass 

and  contains  a  senea   it'^t  ffiyi't'*>yt*^''WPCV' 
ties  (see  figure,  natn     fi  ffj^'jf  *  i  /  ** 

;e),   surroanded    and     ^^?j  '  * 

neaeure  from  05  to  ^J"  _  "*vi  °f^?'^. 
in  diameter  and  are 
round,  resembhng 
tccasionally  present  in  the  Ceylonese  moon-atone, 
wonderful  transparency  of  the  oligoclase  and  the  white 
one  gives  the  whole  mass  a  striking  resemblance  to  the 
of  glass,  80  commonly  obtained  from  the  bottom  of  a 
x>t.  It  was  mistaken  for  this  until  the  highly  perfect 
je  was  noticed ;  this  is  remarkable  for  the  entire  absence 
strise  so  characteristic  of  the  plagioclase  feldspars. 
mtly  some  material  of  a  slightly  diSereot  character  has 
btained  at  the  mine.  Cleavage  masses  of  white  striated 
ase  three  inches  long  were  found,  containing  nodules 
10  to  15"™  square :  these  are  as  colorless  and  pellucid  as 
est  phenacite  and  are  entirely  free  from  the  inclusions 
in  the  greeuish  variety.  This  transparent  variety  like 
ler  shows  no  strice. 

following  analysie  was  very  kindly  furnished  me  by 
sor  F.  W.  Clarke.  It  was  made  from  the  faint  green 
'  and  shows  it  to  be  a  typical  oligoclase.  The  specific 
'  I  determined  to  be  2*651 : 

SiO, "62-93 

AljOi --- 2B-.12 

Pe,0, trace 

MnO _ trace 


Nb,0  . 


4.  Apatite  from  near  Yonkers,  N".  Y. 
eently  received  from  Miss  F.  R.  M.  Hitchcock,  a  frag- 
>f  an  apatite  crystal,  which  was  found  in  the  spring  of 
n  the  tunneling  at  shaft  16,  new  Croton  Aqueduct,  Ton- 
restchester  County,  N.  Y.     It  is  10  by   IS""",  and  is 
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merely  a  fragment  perhaps  of  a  crystal  several  inches  in  diam- 
eter. It  IB  of  a  nch  oily  green,  absolutely  traneparent  and 
for  perfection  and  traneparencv  equal  to  anything  ever  found 
at  the  Knapponwiind,  Untereultzbachthal,  Tyrol.  Asaodated 
with  the  apatite  was. a  granular  epidote  on  which  were  some 
email  dark  green  crvstals  of  the  same  mineral. 

5.  Ci/anile  from  North  Carolina. 
Mr.  D.  A.  Bowman,  of  Bakersville,  North  Carolina,  has 
kindly  called  my  attention  to  some  minerals  from  Bakersville, 
one  of  the  most  interesting  of  which  Ib  cyanite  in  distinct 
isolated  crystals  that  for  perfection,  depth  of  color  and  trans- 
parency rival  those  from  St.  Gothard,  Switzerland.  They  are 
found  at  an  altitude  of  5500  feet  near  the  summit  of  Telloir 
Mountain,  on  the  road  to  Marion,  N.  C,  four  miles  sontheaat 
of  Bakersville.  They  occur  in  a  vein  of  white  maeure  qnarti 
in  a  granitic  bluff,  associated  with  almandite  garnet  of  a  veir 
light  i)inkish  purple  color,  but  not  transmrent.  The  vein  W 
a  dip  of  6(t°  hearing  N.E.  and  S.W,  The  color  varies  from 
almost  colorless  to  deep  aznre  blue,  ae  dark  as  the  Ceylonese 
sapphire.  Some  of  the  crystals  were  two  inches  long  while  a 
few  were  observed  15"""  in  width,  and  10°°  in  thicknesa.  No 
terminal  planes  were  observed.  Occurring  in  white  qnartz, 
they  form  beautiful  specimens  and  the  loose  crystals  were  ex- 
tensively sold  for  sapphire  at  Bonn  Mountain,  the  tonrietB' 
resort. 

0.  Aragonile  Psetulomorph. 
Among  a  collection  of  minerals  sent  to  the  Arizona  Exhibi- 
tion at  Kew  Orleans  from  Pima  County,  Arizona,  was  a  citb- 
tal  originally  aragonite,  which  had 
been  almost  entirely  changed  and 
impregnated  by  oxide  of  mangane«e 
and  red  oxide  of  iron.  It  has  an 
I  outer  coating  of  white  cacholong  over 
I  some  simple  rhombohedral  crystal 
I  now  entirely  changed  to  an  oxide  of 
manganese.  The  crystal  is  hollow  OD 
i  top  to  tlie  de])th  of  three-fonrths  of 
an  inch.  The  sides  of  the  cavity  arc 
lined  with  (.-airholong,  but  the  bottom 
of  the  cavity  is  partly  tilled  in  with  a 
white  compact  chalcedony.  The  fig- 
ure shows  the  crystal  in  natural  size.  The  interior  of  the 
crystal  is  radiated,  but  is  of  a  dark  chocolate  color  and  almost 
entirely  altered  to  hematite. 
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'xplorations  of  the  Gulf  Stream^  by  Lieut.  J.  E.  Pills- 
.  S.  N.— The  Report  for  1886  of  the  U.  S.  Coast  and 
3  Survey  contains,  in  Appendix  No.  11,  a  Report  of  new 
tions  of  the  Gulf  Stream,  illustrated  with  maps,  which 
ith  the  following  concluftions  (p.  289) : 
ve  to  submit  the  following  summary  of  my  conclusions, 
pon  the  information  obtained  during  the  two  seasons' 
iops.  The  examination  of  the  Gulf  Stream  currents  hav- 
1  made  in  March,  April,  May,  and  June,  the  conclusions 
incorrect  for  other  seasons  of  the  year,  although  there  are 
reasons  for  supposing  that  such  is  the  case  except,  pos- 
the  amount  of  the  variations. 

etween  Fowey  Rocks,  Florida,  and  Gun  Cay,  Bahamas, 
ent  varies  daily  in  velocity,  at  times  as  much  as  2^  knots, 
atest  velocity  is  generally  about  nine  hours  before  the 
ansit  of  the  moon.  The  variations  are  most  excessive  on 
,  side  of  the  straits  and  least  on  the  east  side. 
he  average  daily  currents  vary  during  the  month,  the 
t  set  coming  a  day  or  two  after  the  greatest  declination 
lOon. 

he  axis  of  the  Gulf  Stream,  or  the  position  of  the  strong- 
,ce  flow  in  passing  this  point,  is  11^  miles  east  of  Fowey 
jight-House.  The  strongest  surface  current  found  here 
inots  per  hour ;  the  least,  1 J  knots ;  and  the  average,  3A 
The  average  current  at  other  places  on  either  side  of  the 
s  follows : 

Knott. 

of  the  stream,  11^  miles  from  Fowey  Rocks 3-6 

lea  west,  or  8  miles  from  Fowey  Rocks 2*6 

les  east,  or  1 5  miles  from  Fowey  Rocka 3*2 

les  east,  or  22  miles  from  Fowey  Rocks 2*8 

lea  east,  or  29  miles  from  Fowey  Rocka 2*4 

iles  east,  or  36  miles  from  Fowey  Rocks 1*8 

he  wind  probably  retards  or  accelerates  the  velocity  of 
rent.  A  northeast  gale  in  the  Atlantic  will  probably 
up "  the  water  of  the  stream,  lowering  its  velocity  ma- 
and  afterwaflfls  the  flow  will,  by  the  reaction,  be  greatly 
d  over  the  normal  speed.  There  is  no  evidence  of  any 
in  position  of  the  axis  of  the  stream  due  to  the  wind, 
wo  days'  observations  off"  Jupiter  Light,  Florida,  indicate 
B  daily  variation  as  was  found  off*  Fowey  Rocks,  and  the 
:he  stream  at  this  section  is  probably  about  17  miles  east 
ght." 

odix  No.  12,  in  the  same  report,  is  a  new  and  greatly 
I  review  of  the  "  Secular  variation  of  the  magnetic  declin- 
the  United  States  and  some  foreign  Stations,  by  Charles 
tt.     It  covers  pages  291  to  407. 
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Obituary. 

Henry  Carvill.  Lewis. — Professor  Lewis,  of  Philadelphia, 
died  at  Manchester,  England,  on  the  21st  of  July  in  his  thirty- 
fifth  year.  He  was  a  graduate  of  the  University  of  Pennsylyaoia, 
an  active  member  of  the  Academy  of  Sciences  of  Philadelphia, 
and  in  1883  became  Professor  of  Geology  in  Haverford  College. 
One  of  his  earliest  papers,  if  not  the  first,  is  a  notice  of  the  Zodi- 
acal Light,  giving  the  results  of  five  years'  observations;  it  was 
read  before  the  American  Association  in  1880,  and  ap|>eared  in 
vol.  XX  (1880)  of  this  Journal.  He  commenced  his  glacial  inves- 
tigations in  1879,  in  connection  with  the  Geological  Survey  of 
Pennsylvania,  worked  on  the  same  subject  in  1885  and  1886  in 
Great  Britain,  and  had  intended  to  make  observations  the  present 
season  in  Norway.  The  investigation  of  the  "Terminal  Moraine^ 
from  the  eastern  boundary  of  Pennsylvania  (to  which  point  it 
had  been  traced  across  New  Jersey,  by  Professor  6.  H.  Cooke), 
westward  across  Pennsylyvania,  occupied  him  until  the  autumn 
of  1882,  when  his  report  of  about  300  pages  was  presented  for 
publication,  ft  appeared  in  1884,  as  No.  Z  of  the  Geological 
Series  of  the  Pennsylvania  Survey.  In  1886  he  read  his  paper  on 
Glaciation  in  Great  Britain  before  the  British  Association. 

Prol'essor  Lewis  was  also  a  zealous  mineralogist,  and  until 
recently  had  editorial  charge  of  the  mineralogical  department  of 
the  American  Naturalist.  In  1886  he  brought  out  his  paper  on 
the  "  Genesis  of  the  Diamond,"  tracing  it  to  eruptive  rocks,  and 
basing  his  views  principally  on  the  published  accounts  of  the 
diamond  fields  of  Southern  Africa. 

Mr.  Lewis  was  an  enthusiastic  and  energetic  worker  in  Science, 
and  promised  to  do  much  for  its  progress.     He  leaves  a  wife  and  • 
one  child. 

James  Stevenson. — Col.  Stevenson  died  on  the  25th  of  July. 
He  was  born  in  1840,  at  Maysville,  Kentucky.  He  was  an  early 
explorer  of  the  Rocky  Mountain  region,  and  accompanied  Dr. 
Hayden  in  his  expedition  as  executive  officer  and  manager.  In 
1872  he  ascended  the  highest  of  the  Teton  Range,  the  Great 
Teton.  He  has  been,  since  1879,  connected  with  the  U.  S.  Geologi- 
cal Survey,  engaged  in  making  ethnological  investigations  and  col- 
lections in  New  Mexico  and  Arizona.  A  very  valuable  report 
by  him  on  the  collections  obtained  in  1879  and  1880  is  contained 
in  the  Report  of  the  Secretary  of  the  Smithsonian  Institution  for 

1881. 

Albert  D.  Hagkr. — Mr.  Hager  was  associated  with  Professor 
Edward  Hitchcock  and  Mr.  C.  H  Hitchcock  in  the  Geological 
Survey  of  Vermont.  Since  1872  he  has  lived  in  Chicago,  where 
he  died  on  the  29th  of  July.  He  was  born  at  Chester,  V  ermont, 
in  1817. 
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Ht.  XXII. — On  a  young  Tortoise^  Chrysemm  picta,  with 
two  heads;  by  E.  H.  Barbour.     With  JPlate  V. 

'^Fhe  following  is  a  brief  description  of  a  young  two-headed 
i^toise,  Chrys&inys  pieta^  which  is  a  remarkably  interesting 
^C3cimen  from  the  very  perfection  of  its  imperfection.  It  was 
>tind  in  the  marshes  bordering  West  River  in  New  Haven, 
onn.,  by  Master  Leigh  ton  Foster,  the  first  part  of  June,  and 
om  appearances  had  been  hatched  but  two  or  three  days. 

The  single  body,  with  the  usual  four  legs  and  a  tail,  carries 
vo  equal,  and  in  every  respect,  normal  and  well-developed 
3ads  and  necks,  which  are  throughout  entirely  free  and  dis- 
Qct.  The  two  heads  see,  hear,  eat,  drink,  sleep,  breathe,  and 
ove  independently.  See  figures  3  and  4,  and  compare  with 
rures  1  and  2,  which  represent  a  normal  tortoise  of  the  same 
;e — about  two  weeks.  The  carapace,  to  external  appearance, 
well  formed  and  natural,  save  that  it  is  broader  than  long 
r  nearly  one-fourth,  and  its  vertebral  line  is  a  little  curved 

the  right,  with  the  back  ^slightly  humped.  But  none  of 
ese  are  noticeable  deformities,  had  it  a  single  head.  Its  ap- 
mdages  are  perfectly  natural  so  far  as  their  form  is  concerned. 

This  little  monster  still  lives  (Sept.  4),  and  has  increased 
.  size  at  least  one-third  during  the  past  fourteen  weeks.  It  is 
jtive  and  apparently  healthy,  and  bids  fair  to  survive  this 
jason   at   least.      It  eats  voraciously  when   fed   by  familiar 
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hands ;  but  a  fly  or  cricket  is  often  a  bone  of  bitter  contention. 
The  first  to  seize  its  food  becomes  at  once  involved  in  a  stub- 
bom  tug  of  war  with  its  other  self,  which  ends  only  when  the 
morsel  separates  The  two  heads  eat  with  equal  readiness,  yet 
often  the  appetite  of  one  is  greater  than  that  of  the  other. 
Sometimes  one  head  turns  slowly  around  and  snaps  at  the  yellow 
eye  of  the  other,  obviously  mistaking  it  for  something  to  eat. 
Of  course  the  head  and  neck  of  the  one  assailed  is  straightway 
withdrawn  into  the  common  protecting  shell,  where  tfciey  can 
find  shelter,  one  at  a  time  or  together ;  but  in  the  latter  case  it 
is  plainly  crowded,  and  the  encroachment  on  tortoise  preroga 
tives  means  a  renewal  of  hostility,  and  a  beating  of  their  heads 
together  till  a  compromise  is  effected.  These  little  misunder- 
standings are  always  settled  in  a  spirited  way,  and  are  exceed- 
ingly ludicrous.  Although  rather  frequent,  they  never  arise 
save  when  the  two  heads  are  disposed  to  withdraw  to  their 
shell  simultaneously;  at  other  times  each  in  his  turn  enjojs 
the  privilege.  One  often  withdraws  and  sleeps  while  the 
other  is  perfectly  wide  awake.  And  then  the  one  awake, 
looking  about  to  the  right  and  left,  sometimes  starts  off  vigor- 
ously, but  only  to  find  itself  describing  a  circle,  round  and 
round  as  if  on  a  pivot,  for  such  in  fact  the  sleeping  side 
actually  becomes.  And  generally  it  continues  to  use  its  two 
feet  as  best  it  can,  scurrying  around  in  an  endless  circle,  until 
the  sleeper,  aroused  by  the  commotion,  puts  out  its  head,  looks 
about,  and  then  shuffles  off  with  its  companion.  There  is 
no  concerted  action  whatever  in  the  use  of  the  feet,  as  in 
the  normal  tortoise,  which  first  puts  one  fore-foot  forward  and 
follows  this  with  tlie  diagonally  opposite  hind-foot,  and  so  on. 
But,  as  should  be  expected,  the  two-headed  tortoise,  with  it* 
two  ambulatory  systems,  puts  out  both  fore-feet  at  once,  leav- 
ing its  fore-parts  without  support,  so  that  they  drop  and  rest 
on  the  plastron;  then  the  hind  feet  advance,  and  the  hinder 
extremities,  left  in  their  turn  without  support,  drop,  and  thus 
it  advances  by  an  awkward  rocking  gait. 

But  these  twin  heads  have  finally  learned  to  adapt  them- 
selves in  various  ways  to  their  circumstances.  This  is  espe- 
cially striking  in  the  matter  of  walking.  By  repeated  failures, 
each  had  discovered  that  when  its  companion  sleeps,  or  is  not 
disposed  to  move,  any  activity  on  the  part  of  either  is  circum- 
scribed by  the  narrow  circle  whose  radius  is  the  breadth  of 
their  common  body.  Accordingly,  now,  when  either  has  made 
a  few  l)ootle68  revolutions,  it  stops  short  and  extending  its  two 
feet  laterally,  seizes  with  its  claws  anything  offering  resistance, 
and  so  slowly  and  laboriously  drags  itself  sideways,  crab-lika 
By  this  device,  to  which  they  resort  so  repeatedly  that  it  can- 
not be  counted  mere  chance,  they  can  travel  on  indefinitely. 
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When  placed  on  smooth  ground,  free  from  grass  and  obstruc- 
tions, tneir  first  manoeuvre,  after  turning  the  right  head  to  the 
right,  the  left  to  the  left,  is  to  start  oflE  resolutely  in  these  two 
directions  at  once,  the  rather  remarkable  resultant  of  the 
two  forces  in  opposite  directions  being  a  straight  line  directly 
backward ;  they  make  progress  for  a  foot  or  two  in  the  wrong 
direction,  then  agree  on  a  course  and  start  off  together.  In 
the  grass  or  weeds  they  are  quite  helpless,  because  when  a  stalk 
of  grass  is  encountered,  one  head  chooses  the  right  course,  the 
other  tte  left,  that  is,  they  straddle  it,  and  being  equals  in 
strength,  neither  side  succumbs,  so  they  stand  there  tugging 
away  until  tired  out. 

It  is  interesting,  though  not  surprising,  that  two  heads  so 
nearly  one  should  have  different  temperaments.  The  right 
head,  on  most  occasions,  is  the  more  timid  and  irascible,  re- 
tracting or  dodging  at  a  passing  fly,  or  the  approach  of  a 
strange  animal.  The  left  head,  on  the  other  hand,  seems  bold 
and  energetic.  It  is  difficult  to  conceive  of  any  two  individ- 
nals,  growing  up  under  surrounding  circumstances  more  com- 
pletely identical  than  these.  Yet,  like  the  South  Carolina 
negresses,  called  the  Two-headed  Nightingale,  the  difference  in 
their  dispositions  furnishes  new  evidence  that,  though  the 
origin  and  environments  be  precisely  the  same,  the  results  are 
not  necessarily  so. 

To  what  extent  the  digestion,  respiration,  circulation,  and 
nervous  systems  are  united  or  separate  is  at  present  only  open 
to  conjecture.  The  alimentary  canals,  in  all  probability,  be- 
come united  in  one  stomach  after  leaving  the  two  necks,  and 
remain  so  to  the  anus,  which  is  single.  I  have  noticed  that 
while  the  two  heads  eat  equal  amounts,  yet  at  one  feeding  the 
left  head  perhaps  shows  the  greater  appetite,  at  another  time 
the  other.  But  no  risks  can  bp  taken  by  experimenting  with 
such  a  pet,  or  we  could  feed  one  at  the  expense  of  the  other 
for  a  short  time.  By  watching  the  expansions  and  contractions 
of  the  throat,  where  the  hyoid  plays  so  important  a  part  in 
chelonian  respiration,  we  find  that  each  of  the  heads  breathes 
regularly,  but  independently,  as  much  so  as  if  they  belonged 
to  disconnected  individuals.  At  regular  intervals  they  can  be 
seen  opening  their  mouths  and  gaping,  as  if  the  suj)ply  of 
oxygen  was  insufficient,  as  it  doubtless  is.  This  is  their  only 
visible  sign  of  wjeakness. 

As  already  stated  respecting  the  nervous  system,  it  is  per- 
fectly patent  that  the  appendages  of  the  right  and  left  sides 
belong  to,  and  respond  only  to,  their  respective  heads.  So 
noticeable  is  this  independence  in  the  action  of  the  four  feet, 
which  otherwise  seem  to  belong  naturally. enough  to  the  one 
carapace,  that  many  who  see  its  attempts  at  walking  are  led  to 
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^  wonder  if  the  other  Ieg»  of  the  d«>oble  shell  are  not  growing 
inside.' 

There  eeems  to  be  ab6«>hitelT  no  cooperation  between  the 
left  side  and  the  right,  and  vet  thev  repeatedlv  8tart  at  the 
game  time  to  do  preetselv  the  same  thing,  eat,  swinu  or  walk 
When  bv  anv  mischance  it  falls  over  on  its  baek«  the  two  heads 
work  in  oppoisite  directions  to  right  the  shelL  and  so  without 
help  it  could  never,  like  an  ordinary  tortoise,  extricate  itself 
from  the  predicament. 

The  length  and  flexibility  of  each  neck  shows  it  has  the  full 
number  of  cervical  vertebra?,  confluent  at  the  first  thoracic 
vertebra.     In  other  respects  its  skeleton  is  quite  normal     The 
dermal  plates  show  a  few  unimportant  variations.     There  is 
the  usual  nuchal  plate  in  front  on  the  middle  line,  and  two 
pygal  plates  behind.     Between  these  two  points  on  either  side 
are  twelve  marginal  plates :  the  usual  though  not  invariable 
number  being  eleven      (>n  the  right  side  an  extra  scute  is 
wedged  in  among  the  costal  plates,  making  five  on  that  side 
to  four  on  the  other.     The  live  vertebral  or  neural  plates  pre- 
serve their  relative  positions,   but   have  somewhat  distorted 
forma     The  first  of  these  is  diWded  by  a  suture  through  iU 
length.     The  fifth  is  composed  of  four  small  irregular  plates, 
and  presents  a  fissure  where  it  did  not  unite  on  the  middle 
line.     The  plates  of  the  plastron  show  but  one  irr^ularity,  a 
doubling  of  the  gular  plate.     A  suture  is  seen  in  the  right 
femoral  plate ;  and  the  right  infra- marginal  plates  are  united, 
the  left  separate :  but  these  are  not  peculiarities  however. 

When  the  time  arrives  for  the  promised  dissection  of  thi^ 
curious  little  monstrosity,  I  shall  hoi>e  to  find  anatomical  pecu- 
liarities of  some  consequence. 

Paleootological  Laboratory,  New  Haven,  Ct..  Sept.  4th. 


Art.  XXlll.— The  >^tnt<:ture  of  Florida  ;*  by  Lawrekce  C 

Johnson. 

The  stratigraphy  of  Florida  is  as  yet  so  little  understood 
that  any  notes  upon  it  may  be  acceptable. 

The  facts  in  this  contribution  can  best  be  made  clear  by  a 
section  across  the  peninsula  through  St.  Augustine  and  Gaines- 
ville. By  this  it  will  appear  that  at  least  all  the  northern 
and  middle  portion  of  peninsular  Florida  may  be  divided  longi- 
tudinally into  four  regions,  plainly  marked  by  surface  indica- 
tions :   (1)  the  "  Gulf  Hammock "  in  the  west,  (2)  a  central 

*  Read  before  the  American  Associalion  for  the  Adyancement  of  Sdflooe  at 
New  York,  August,  1887. 
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plain,  or  region  of  Binks,  (3)  the  "High-HamrnockB,"  or  Lake 

region   and   (4)   the   "Eastern-elope" — or  region  of  streams, 

tribntary  to  the  St.  John-. 

The  immediate  coast  on  either  Bide  is  not  considered. 

The  turning  point  will  be  to  understand  the  second, — the 

region  of  sinks. 


In  the  figure,  it  is  represented  as  a  depression,  though  not 
alwavs  ench.  Westward  it  is  bounded  by  a  line  of  sand  dnnes, 
contmnous  at  least  from  Snmter  County  northward  bevond  the 
Santafe  River,  whence  it  begins  to  curve  more  to  the  west, 
and  becomes  lost  in  other  formations. 

The  eastern  boundary  of  the  central  plain  is,  in  places, 
sharply  defined  ;  for  instance,  at  Weldon  station  on  the  Florida 
Transit  Railway,  which  is  given  a»  the  summit  or  highest  point 
on  the  line  between  Jacksonville  and  Fensacola.  This  high 
ridge  trends  northward  into  Georgia  in  the  direction  of 
Dnpont ;  and  soathward  by  many  curves  and  scallops  to  the 
"  Nataral  Bridge "  on  the  Santafe — to  (rainesville,  to  Okala, 
to  Leesburg. 

The  third,  or  Lake  region  proper,  begins  at  the  Weldon 
ridge,  and  on  that  line  of  railroad,  reaches  to  Trail-Ridge, — 
witnin  eighteen  miles  of  Jacksonville.  Geographically  it  is 
easily  defined.  In  Georgia  it  is  in  part  represented  by  the 
Okefeuoko  swamp  system  ;  south  of  the  St.  Mary's  River  we 
have  lakes,  and  the  lakes  of  Florida  are  numerous. 

Eastward  of  the  elevated  region  of  the  Lakes, — the  fourth 
division  has  a  surface  of  thin  sandy  soils  with  manv  streams, — 
and  with  extended  "  Flatwoods  "  interspersed  witii  "  slashes  " 
which  give  rise  to  streams.  This  is  presented  as  a  geological 
division,  because  it  is  believed  to  be  constituted  in  the  main  of 
newer  Tertiary  formations,  but  being  as  yet  unexplored,  very 
little  can  be  definitely  said  of  it.  Taking  the  data  derived 
from  the  artesian  wells  bored  at  Palatka,  St.  Augustine,  Jack- 
sonville and  other  places,  these  Neocene  deposits  nave  an  aver- 
age thickness  of  aboat  300  feet. 

Upturning  to  the  consideration  of  the  second  division  :  All 
later  observations  go  to  sustain  the  geological  horizon  assigned 
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to  it  in  1881  by  Dr.  Eugene  A.  Smith,— that  it  is  of  the  upper 
Eocene,  known  as  tlie  Vicksburg  stage.     Confirming  this  de- 
termination was  the  opinion  of  Dr.  Eugene  W.  Hilgard,  and  of 
Mr.  Angelo  Heilprin,  who  judged  by  the  fossils  submitted  \Xi 
them.      The  latter  however,  as  I  understand  him,  now  ex- 
presses doubt,  whether  the  true  Vicksbur^  rock  with  Orhi- 
taldes  MantdU  really  belongs  to  these  Florida  localities.    It 
seems  he  has  seen  specimens  of  a  superficial  formation  found 
in  many  places,  from  as  far  south  as  Pemberton  Ferry  to  as  far 
west  as  Wakulla  County,  wanting,  so  far  as  he  has  obfieryeA 
in  Orhitoides  Mantelli,  but  having  two  others,  O.  ephij/jrim 
and  O.  disjyansQj  and  sometimes  associated  with  a  forammifer 
which  he  says  is  Opercxdina  coinplanata,  and  with  a  Hemiaster. 

Such  rocks  do  seem  in  many  places,  especially  toward  the 
south,  to  constitute  a  thin  upper  layer,  and  always  more  or  le* 
silicified.  There  is  no  sufncient  reason  as  vet  observed,  to 
regard  it  as  moi^e  than  an  upper  layer — similar  to  such  super- 
added layers  seen  in  Alabama  at  the  Lower  Salt  Works  on  the 
Tombigbee  Kiver,  described  in  Bulletin  43  of  the  U.  S.  Geo- 
logical Survey. 

Possiblv  these  irregular  deposits  may  be  remnants  of  the 
Nummulitic  limestone,  which  is  really  a  stratum  overlying  the 
Vicksburg  rocks,  well  seen  at  the  old  iron  works  near  Levy- 
vilh'.  Levy  County  At  Levyville  it  is  a  beautiful  soft  porous 
building  stone,  about  twenty  feet  in  thickness,  which  was  util- 
ized in  the  erection  of  the  Confederate  iron-works.  Often 
struck  in  the  artesian  borings  and  easily  identified  by  the 
]>eculiar  numniulites,  it  has  a  greater  thickness  under  the  Xeo- 
cene  formations  to  the  east.  .  In  these  western  regions  it  has 
probably  suflFercd  general  removal  by  erosion. 

Apj)arenrly  conformable  in  deposition  with  the  Vicksburg 
staue  the  Levvville  formation  is  evidentlv  not  identical  with 
it ;  and  demands  a  further  invt\^tigation.  .  It  is  a  mistake  how- 
ever to  suppose  that  this  Xummnlitic  formation  everywhere 
liiiles  the  \  ieksburg  rocks  of  the  OrhiUndrs  Mantelli^  or  ever 
did  oviM'lii'  the  whole  of  it.  2s^umerous  are  the  exposures  to 
provt'  the  (HMitrarv.  In  very  many  places,  especiallv  in  Alachua 
eounty  and  noi-thward,  the  outcrops  cannot  be  distinguished 
from  the  rocks  y^i  Vieksl)uro:  and  of  the  Chickasawhay,  Missis- 
sippi. Not  often  is  it  sufficiently  e.\]>i>sed  to  the  action  of 
\yater  pereolatinir  directly  tlirouirh'tlie  surface  sands,  to  become 
silicitied.  \  et  there  are  phiees  where  even  this  has  occurred: 
notably  at   Payne's  prairie. 

Often  tlieref.>re,  it  is  ,|nite  a  /•/>//<//  limestone, — affordiug 
op]H>rtnnity  by  its  solution  for  the  e\eavatii»n  of  those  under- 
gnuind  ]>ass;iiros  for  water,  amounrinir  si»metimes  to  rivers,— 
which   is  one  oi  the   phenomena  of  Florida.     The  -'Natural 
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idge  "  on  Santafe  River  is  an  excellent  example.  In  places 
)ve  the  surface  over  which  runs  the  public  road,  there  are 
I  arches,  once  filled  by  the  current  oi  the  river,  before  the 
cavation  of  the  lower  tunnels  now  occupied  by  it.  The 
iterial  of  the  present  and  of  the  old  arcnes  cannot  be  dis- 
ignished  from  softer  varieties  of  the  same  formation  in  Ala- 
ma  and  Mississippi,  which  is  true  also  of  the  harder  mate- 
il  ased  as  a  building  stone 

Some  two  miles  south  of  the  Natural  Bridge  and  not  far 
om  the  Noonanville  road,  though  at  an  elevation  considera- 
y  greater,  in  a  quarry  still  used,  is  a  stone  exactly  like  that  of 
lich  chimneys  are  built  in  Conecuh  and  Covington  Counties, 
labama,  and  in  Wayne  and  Jasper  Counties,  Mississippi.  It 
the  same  stone  also  that  is  used  for  like  purposes  in  Marietta, 
•ckson  County,  Fla. 

Another  fact  worth  noting  of  this  quarry  near  the  Santafe, 
that  the  Neocene  formations  to  be  mentioned  farther  on 
era  to  rest  directly  upon  this  building  stone,  without  the 
tervention  of  the  Nummulitic  limestone  or  of  the  usual 
l^er  of  silicified  rocks,  common  farther  south  and  west. 
Another  locality  like  the  rotten  rocks  of  the  Natural  Bridge, 
elding  millions  of  Orhitoides  Mantelli  and  Pecten  Povlaoni^ 
the  William's  Sink  near  Noonanville.  The  "  Big  Sink  "  or 
?ayne's  Prairie"  near  Gainesville  is  another — ^which  has 
ready  been  mentioned  for  the  interesting  fact  of  its  silicifica- 
ms.  For  miles  to  the  south  the  low  level  country  is  covered 
th  loose  rocks  and  bowlders  of  the  silicified  upper  layer, 
irtieularly  may  this  be  seen  at  and  around  Aredondo,  near 
iich  also  is  the  "  Hogtown  Sink  " — showing  a  perfect  repeti- 
>n  on  a  larger  scale  of  the  facts  of  the  "  William's  Sink.'' 
Not  to  attempt  to  enumerate  all  the  occurrences  of  such 
posures,  it  will  be  sufficient  to  say  that  the  most  southern 
tually  seen,  are  at  Pemberton's,  Pasco  County,  and  on  the 
ad  waters  of  Hillsborough  River  in  Polk  County,  Sec.  27 
d  28,  T.  26,  R.  23— which,  till  further  advised,  may  be  set 
the  southern  boundary  of  Eocene  exposures. 
It  might  be  objected  that  the  "Gylf  Hammock"  region  of 
e  west  has  sinks  as  well  as  this  central  region.  True,  and 
ere  are  also  a  few  highlajids  and  lakes  at  the  west  But 
ither  exhibits  a  fair  and  general  average  of  the  Gulf  region, 
stead  of  "  Gulf  Hammock "  it  might  be  called  the  "region 
springs."  In  the  lowest  portions  ot  it  (and  it  is  generally  low) 
ere  are  many  of  those  great  springs,  which  are  the  outlets  of 
e  underground  rivers.  In  tne  central  region  there  are  no 
rings — no  rivers.  The  Suwanee  and  the  Santafe  cut  across 
bat  do  not  rise  in  it.  All  the  other  streams  rising  in  Neo- 
16  sands  are  small' and  end  in  enormous  cavities  which  swal- 


294  Z.  C.  Johnson — Structure  of  Florida. 

low  them  up,  to  be  seen  no  more,  till  they  rifie  again  in  the 
Ocean,  or  by  such  outlets  as  Silver  Springs  to  the  east,  and  ' 
Tarpon  and  other  great  springs  to  the  west. 

The  Neocene  terranes  of  Florida  be^n  somewhat  farther 
west  than  the  line  assigned  them  on  our  Litest  geological  map& 
Instead  of  Trail-Ridge,  they  can  claim  the  Weldon  and  Gaines- 
ville highlands  for  their  western  boundary. 

A  fair  section,  verified  from  several  partial  exposnres,  and 
many  excavations  and  borings,  gives  us  for  the  Grainesville 
highlands : 

1.  Unimportant  and  variable  layer  of  detrital 

accamnlations  and  soil ItolO  feet 

2.  The  "Chimnev  rock,"    or  Waldo  formation 

having  Miocene  fossils,  and  generally 
phosphatic,  not  less  than  10  feet,  and  pos- 
sibly 50,  average 30  feel. 

3.  Ferruginous  sands,  with  chalcedonized  shells 

of  Ostrea  and  others,  and  in  places  limo 

nite 10  fei*t. 

4.  Greenish    and   buff   clays — sometimes    indu- 

rated, and  sometimes  with  fossils 1  to  50  feet. 

Total 100  feet. 

Layer  No.  1  requires  no  specific  description.  Where  the 
sand  is  very  deep  the  soil  is  usually  tliin.  Where  suflSciently 
thinned  off  to  permit  the  influence  of  the  underlying  foniia- 
tion,  the  tine  "  high-hammock  "  lands  are  found. 

Layer  No.  2  in  places  called  the  ''chimney- rock"  from  a 
popular  use  of  one  of  its  constituents — is  the  site  and  source 
of  the  phosphatic  rocks  of  this  part  of  Florida.  In  places  it 
has  suffered  much  erosion,  and  the  reworked  material  has  often 
been  redeposited  in  beds  of  uncertain  age,  making  a  conglom- 
erate with  clay,  bones,  and  nodules  of  the  rock.  Simmons's 
phosphate  bed  near  Hawthorne  is  a  good  instance,  and  the 
"  Devil's  Mill-hopper''  west  of  Gainesville  is  another.  Undis- 
turbed and  in  sttu^  among  other  places,  it  may  be  seen  near 
Waldo,  at  old  Fort  Harlee  in  Preston's  marl  bed. 

The  fossils  of  this  locality  are  innumerable,  but  mostly  as 
casts  of  the  interior  of  shells  or  moulds  of  the  outer  surface. 
Vertebrate  remains  are  unclianged  or  only  silicitied,  and  so  also 
are  Ostrea  and  Pecten  among  invertebrates.  Of  the  latter, 
easily  recognized,  are  Pecten  Maduoiiius  and  another  large 
one ;  casts  of  at  least  two  large  Carditas ;  a  large  Yenu^  very 
much  resembling  V,  mercenavia  but  of  coarser  outlines ;  a  very 
large  Balanus,  and  many  casts  of  gasteropods. 

Layer  No.  3,  as  said  elsewhere,  is  the  source  of  the  limonite, 
and    of    the    peculiar   ostrea-chalcedonized — found    in    many 
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streams,  and  excavations  from  Georgia,  as  far  south  at  least  as 
Okala  and  Levy  ville.  It  yields  many  springs.  Among  these 
may  be  mentioned  the  **  Magnesian  Springs  "  of  Simmons  and 
Brown  near  Hawthorne.  The  current  here  often  brings  out 
fragments  of  shells  and  ferruginous  particles.  A  great  bed  of 
these  shells  with  limonite  may  be  seen  exposed  in  the  run  of 
Lochloosa  Creek  near  the  springs. 

Layer  No.  4 — the  buflE  and  greenish  clays — could  seldom  be 
seen.  A  similar  clay,  but  possibly  a  reworked  later  deposit  • 
contains  the  great  bone  bed  at  Mixon's  near  Archer.  These 
fossils  are  all  vertebrate  and  all  silicified.  Similar  deposits  are 
found  in  many  other  places,  and  often  as  islands  left  by  ero- 
sion, and  always  resting  upon  Eocene  rocks.  Similar  fossils 
are  found  scattered  (as  already  said)  throughout  layer  No.  2, 
and  possibly  may  be  found  in  still  newer  formations  farther 
south  and  east. 

This  about  concludes  the  matter.  The  Waldo  formation 
once  understood,  the  stratigraphy  of  east  and  south  Florida 
may  he  understood.  This  formation  is  the  basis  of  the  "  high- 
pine"  and  ''  high-hammock  "  soils,  and  is  one  of  the  factors  in 
the  genesis  of  the  lakes.  The'  other  factor  is,  of  course,  the 
underlying  rotten  limestone,  of  Eocene  age,  with  its  sub- 
terranean tunnels  and  rivers.  To  the  last  are  due  the  sinks. 
Wherever  there  is  a  sufficient  thickness  of  the  overlying  Mio- 
cene rocks  and  clays  to  choke  up  the  sink,  and  arrest  the  draw- 
ing of  the  superficial  layers  into  the  great  hopper-shaped  cen- 
ters of  erosion,  a  lake  is  formed. 

In  the  Central  Lake  Region,  these  bodies  of  water  all 
approximate  a  funnel-form  in  depth  and  outline.  Many  of 
them  have  no  superficial  outlet. 

To  the  extreme  south  and  southwest,  Florida  has  many 
other  lakes  not  of  this  class  and  history  :  lakes  which  are  all 
connected  with  the  streams  and  rivers,  and  are  but  remnants  of 
ancient  lagoons  and  inlets  of  the  sea  of  latest  Tertiary  and 
Quaternary  times.  These  are  all  comparatively  low  lying, 
have  firm  bottoms  of  inconsiderable  depth,  and  are  not  at  all 
connected  with  the  underground  drainage  of  the  Vicksburg 
rocks. 

For  this  reason  the  high  lake  region  is  a  good  mark  of 
Eocene  limestone  lying  within  about  100  feet  of  the  surface ; 
and  the  formation  may  be  as  safely  located  thereby  as  if  there 
were  manifest  outcrops. 

The  southern  lakes,  like  Thonotosassa,  and  Tohoptaliga, 
have  for  their  bed  another  phase  or  stage  of  the  Miocene, 
which  for  convenience  may  be  called  the  Tampa  formation, 
constituting  so  thick  a  layer  that  the  influence  of  the  underly- 
ing Ecicene  is  not  felt.    The  same  is  true  of  Tampa  and  Hills- 
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borough  Bays.    The  upper  end  of  old  Tampa  Bay  is  now  in 

{>roces8  of  ocdasion,  ana  with  a  little  more  elevation  will  be  a 
ake. 

In  the  section  exhibited  by  the  figure  at  the  head  of  this 
article  (p.  231),— one  or  two  later  beds, — all  of  conjectoral 
thickness — are  represented  as  overlyinff  the  Waldo  formation,  at 
least  in  part.  The  borings  for  water  at  r alatka,  at  St.  AagustiDe, 
at  Jacksonville,  give  mnch  certainty  of  a  rapid  dip  toward 
the  Atlantic,  and  of  an  increasing  depth  of  the  Neocene  beds 
as  we  advance  northward.  The  mouth  of  the  St  John's  or  of 
the  St.  Mary's  River  will  come  in  about  the  bottom  of  the 
ancient  Miocene  bight  of  the  Atlantic  which  occupied  so  laige 
a  part  of  southern  Oeorgia.  Much  further  investigation  and 
patient  scrutiny  will  be  required  to  ascertain  the  details  of  the 
depth  and  extent  of  these  later  formations,  and  to  assign  to 
each  its  proper  horizon. 


Art.  XXIV. — An  Analysis  of  a  Soil  from  Washington 
Territory^  and  some  reina/rks  on  the  utility  of  Soil-andlysis; 
by  Edward  A.  Schneider. 

• 

The  soil  and  rock,  the  analyses  of  which  are  given  on  the 
following  pages,  were  kindly  furnished  to  me  by  Profeasor 
E.  W.  Hilgard  from  his  extensive  collection  of  soil  specimens, 
for  which  favor  I  oflEer  him  on  this  occasion  once  more  my 
thanks. 

The  place  of  occurrence  of  these  specimens  is  the  Rockland 
Ridfi^e,  near  "  The  Dalles,"  on  the  Columbia  River,  Washing- 
ton Territory.  The  geological  indications,  as  I  have  been  tola, 
were  that  the  soil  was  formed  "  in  situ  "  by  disintegration  of 
the  rock.  Comparative  analyses  have  confirmed  this  supposi- 
tion ;  still  it  is  probable  that  the  soil  contains  a  small  amount 
of  constituents  \vhich  do  not  form  a  part  of  the  mother-rock ; 
particularly  noticeable  among  this  class  is  mica.  I  am  indebted 
to  the  kindness  of  Professor  A.  W.  Jackson,  of  the  University 
of  California,  for  the  petrographic  analysis  of  the  thin  sec- 
tions which  I  had  prepared.  According  to  the  statement  of 
Professor  Jackson,  the  constituents  of  the  Rockland  Ridge 
rock  are :  "  plagioclase,  augite,  apatite,  magnetite,  undifferen- 
tiated glass  ;"  the  rock  is  consequently,  according  to  the  same 
authority,  an  augite  andesite. 

The  analyses  of  the  mother-rock  and  of  the  soil  disclosed 
the  following  results  : 
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Analyses  of  the  mother-rock  at^d  of  the  soiV 

By  Qislon.  By  extraction  with  HCl. 


Rock. 


BoU. 


Matters  insoluble  in  HCl. 
SiO,  soluble  in  NaaCOa  .. 
Matters  insoL  io  NagCOa . 

Total  SiO, 

P,0.+ 

80, 

H,0 

K»0 

Na,0 

CaO 

MgO 

FeO 

Fe«0, 

AUO, 

Org.  matter 


Bock.  Soil, 

finely  triturated. 

76-41         71-42 

1-57  7-73 

63-84         63-69 


8oU. 
antrltarated. 

71-87 

11-00* 

60-87 


50-86 
0-76 
006 
0-34 
113 
2-37 
9-33 
5-57 
7-11 
10-03 
12-64 


68-16 
0-43 
0-07 
1-77 
1-68 
2-66 
4-67 
1-99 

l'o'69 

15-03 

3-62 


0-76 
0-06 
0-34 
not^ 
determined 
6-29 
342 


0-43  0-36 

0-07  0-08 

1-77  1-77 

0-78  0-78 

102  0-67 

3-02  2-48 

not  -97 

determined    

13-85  9-22  9-22 
8-26  9-35  8-95 
3  52  3-52 


100-08       100-37 


100-67 


Since  a  soil  is  a  very  complex  mixture.  I  proceeded  first  of 
11  to  separate  it  as  far  as  possible  into  its  mechanical  elements. 
I'or  this  purpose  I  passed  the  reddish  brown  soil  consecutively 
h  rough  three  different  sieves.  I  obtained  thus  rock  fragments 
>2°'™a,  fragments  <2°^d>'6°°d,  and  a  quantity  of  fine 
arth  <'6™^a,  which  formed  the  bulk  of  the  soil-specimen. 

19-6987«^  of  the  fine  earth  dried  at  100'*  were  treated 
ccording  to  the  directions  of  Professor  Hilgard  for  the  me- 
hanical  analysis  of  soil8.§     I  thus  obtained 

2-8500«'°*  clay 14*46  per  cent. 


3-4232 

sediment 

:<-26"»"  h.^ 

•7125 

(( 

•25          " 

•7987 

ti 

•6            ** 

1-9012 

u 

1            " 

2-2G37 

u 

2            " 

2-7200 

t( 

4            " 

1-6850 

ti 

8            '* 

1  -5242 

i( 

16          " 

1-1617 

(( 

32          " 

•6382 

u 

64          " 

17-38 

3-62 

4-05 

9-65 

11-49 

13-81 

8*05 

7-74 

5-88 

3-24 

19*6784 


99-87 


(( 


*  It  is  possible  that  soda-solution  dissolves  more  silica  from  the  untriturated 
»an  from  the  triturated  soil,  because,  during  the  process  of  boiling,  it  gets  better 
x^ss  to  each  particle  of  the  soil, 
f  By  extraction  with  HNOa. 

J  Alkalioe  chlorides— 4*64  per  cent  (alkaline  chlorides  obtained   by  fusion 
f>-25  per  cent. 

^  Tliis  .roumal,  vol.  vi,  Oct.,  1873. 
I  h.  V.  =  hydraulic  value. 


288  E.  A.  Schneider — Analysis  of  a  Soil 

or 

I.     2-8600«'°»  clay 14-46  percent 

II.     3-4232       8Wiment<-25"°»  h.  v 17-38 

III.  10-0811  "  -25™"  h.  v.-B"'"    h.  v.  51-17 

IV.  3-3241  "  8"°*    h.  v.-64""^  h.  v.   16*86 


19-6784  99-87        " 

These  four  fractions,  obtained  by  mechanical  analysifi,  repre- 
sent the  natural  and  characteristic  subdivisions  of  this  soit  as 
the  general  aspect,  the  microscopic  examination  and  the  chem- 
ical analysis  have  shown.     They  are  described  as  follows : 

I.  Clay  /  has  a  brownish  yellow  color,  and  appears  amorph- 
ons  under  the  microscope. 

II.  Silt^  or  sedi7n^nt8<,'26^°^  h.  v  /  has  a  bright  brick-red 
color.  Under  the  microscope  most  of  the  soii-constitnentg 
which  can  be  detected  in  the  fractions  composed  of  sediments 
of  higher  hydraulic  values  are  visible  also  in  this  fraction  with 
the  exception  of  magnetic  iron.  All  the  iron  in  this  fraction 
appears  to  be  in  the  iform  of  peroxide. 

III.  Sediments  -25"*"  h.  v. — 8"°*  A.  v. ;  have  a  light  choco- 
late color ;  the  "  streak "  of  the  finely  triturated  powder  is 
gray  and  approaches  that  of  the  mother-rock,  bein^  only 
slightly  darker  with  a  tinge  of  brown.  The  subdivisions  of 
this  fraction  appear  under  the  microscope  very  much  alike; 
particles  of  magnetic  iron  are  discernible  in  all  of  them  and 
are  larger  with  the  increase  of  the  hydraulic  values. 

IV.  Sediments  8"*™  h,  v. — 64""  A.  v.  ;  appear  grayish  black, 
somewhat  like  tlie  mother-rock,  when  coarsely  pulverized.  All 
constituents  of  the  mother- rock  can  be  discerned  under  the 
microscope  in  this  fraction  in  an  unchanged  state. 

Since  it  thus  appears  that  the  natural  subdivisions  of  this 
soil  correspond  with  those  obtained  by  mechanical  analysis  I 
undertook  the  chemical  analysis  of  these  four  fractions. 

Plan  of  chemical  analysis. — My  plan  was  to  execute  a 
complete  analysis  by  fusion  of  each  of  the  four  fractions,  in 
order  to  ascertain  their  ultimate  composition ;  furtlier,  to  an- 
alyze the  same  fractions  by  extraction  with  hydrochloric  acid 
both  in  their  natural  state  and  after  previous  trituration,  in 
order  to  be  able  to  compare  them  more  directly,  for  estimating 
their  agricultural  value.  The  analysis  of  the  soil  itself,  tritu- 
rated and  untriturated,  by  fusion  and  extraction,  entered  also 
into  my  plan  of  work.  Lack  of  time,  however,  prevented  me 
from  executing  all  of  these  analyses  ;  but  the  data  which  I 
have  obtained  enabled  me  to  draw  some  conclusions. 

Amdytical  laethods. — The  analytical  methods  which  I  have 
used  in  this  comparative  investigation  are  somewhat  diffei'ent 


fT(ym  Washington  Territory.  289 

those  which  it  would  be  advisable  to  use  if  the  object 
to  determine  with  the  greatest  possible  accuracy  the 
Ltnents  of  a  rock  or  of  a  mineral.  Still  they  are  accurate 
A  to  guarantee  fair  results,  particularly  as  great  pains 
been  taken  to  maintain  the  utmost  possible  uniformity  of 
itions. 

e  hydrochloric  acid  which  was  used  for  the  extraction  had 
pec.  grav.  =  1112.  The  digestions  with  this  acid  were 
Ded  in  all  instances  on  a  constant  water  bath  for  five  days  ; 
)f  acid  to  about  2*5*^*  of  mineral  powder  were  used.  For 
determination  of  the  total  phosphoric  acid  the  finely 
rated  powders  were  digested  for  two  and  a  half  days  on 
onstant  water-bath  witn  nitric  acid  (spec.  grav. =1 -25)  and 
phosphoric  acid  in  the  extract  after  precipitation  with 
onic  molybdate  was  weighed  as  magnesium-pyrophos- 
3.  For  the  determination  of  the  total  alkalies  the  method 
.  Lawrence  Smith  was  used  Sulphuric  acid  was  only 
•rained  in  the  hydrochloric  extracts.  On  account  of  the 
nificant  quantities  found,  the  determinations  of  this  soil- 
jdient  were  not  repeated  in  the  analyses  by  fusion.  Only 
s  of  manganese  were  found.  The  determination  of  the 
yens  (F,  CI)  was  omitted,  as  it  had  no  particular  value  for 
comparative  investigation. 

ctraction  of  the  sod  with  cold  hydrochloric  acid. — It  was 
esting  to  see  how  the  soil  would  be  acted  upon  by  cold 
ochloric  acid.  For  this  purpose  25  grams  of  the  soil  were 
3ted  with  250"*  hydrochloric  acid  (sp.  gr.  11 12)  at  the 
lary  temperature.  It  was  found  that  the  extract  con- 
id  : 

SiO, 0-22  per  cent. 

PO, 0-28  ' 

SO 0-01  «« 

K,0 0-lV  " 

NaO 0-05  " 

CaO 0-69  '* 

MgO 0-58  «i 

MnO —  " 

FeO —  '« 

Fe,0, 5-61  " 

A1,0, :...  2-42         " 

(( 

10-03  " 

"  How  Crops  Feed,"*  Professor  Johnson  mentions  the  re- 

of  a  similar  experiment  by  Grouven  on  a  soil  of  Salz- 

de.     Grouven  found  that  hot  diluted  acid  dissolved  five 

♦  Page  370. 
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times  as  much  oxide  of  iron  and  alumina,  as  cold  dilute  acid^ 
four  times  as  much  potash,  three  times  as  much  soda,  twice 
the  amount  of  magnesia,  sulphuric  acid  and  phosphoric  acid, 
and  the  same  quantity  of  lime. 

The  following  table  shows  plainly  how  very  different  the 
action  of  acids  of  different  strength  on  soils  can  be.  Hot  dilute 
acid  takes  up 

From  the  soil  of  Salzmunde.  From  the  Rockland  Ridge  soiL 

p  'q*  J-  6  times  as  much  3*7  times  as  much. 


cc  a 


K,0       4  «  «  4-6 

Na,0     3  "  *.*  13        "  " 

MgO  )  1-6     "  " 

SO,     V2  "  «  8       "  '* 

P.O. 


s   _» 


1-3 


<(  (C 


CaO  the  same  amount  3  5     "  ** 

as  cold  dilute  acid. 

I  believe  these  two  examples  prove  the  wide  range  of  errors, 
which  the  agricultural  chemist  would  commit  in  judging  as 
to  the  fertility  of  a  soil  from  the  composition  of  the  extract  by 
hot  hydrochloric  acid ;  for  it  is  evident  that  if  the  action  of  hot 
and  cold  hydrochloric  acid  on  a  soil  shows  such  wide  discrep- 
ancies, the  action  of  carbonic  and  other  weak  organic  acids, 
which  occur  in  the  soil  can  hardly  be  compared  with  that  of 
hot  hydrochloric  acid. 

HxLinus  detennination  (according  to  Grandeau).  10*6395*™ 
of  the  soil  after  extraction*  with  weak  hydrochloric  acid  yielded 
to  weak  ammonia  water  •1269^™=!  19  per  cent  of  humns, 
which  contained  -0451^^  inorganic  matter=42  per  cent.  The 
phosphoric  acid  in  this  inorganic  residue  amounted  to  16*17 
per  cent  of  the  same  and  to  -07  per  cent  calculated  on  the  total 
soil. 

*  The  soil  was  extracted  on  a  filter  by  pouring  repeatedly  small  quantities  of 
the  weak  acid  over  it.  825'^«  of  a  mixture  containing  800'^'=  distilled  water  and 
25"  hydrochloric  acid  (sp.  gr.  =  1*112)  were  used.  The  extractiou  was  com- 
pleted iu  a  time  of  about  five  hours.  As  I  had  already  compared  the  action 
of  moderately  strong  hot  and  cold  acids  on  the  soil,  I  thought  it  was  wortii  while 
to  ascertain  the  dissolving  properties  of  a  32-tiraes  weaker  cold  acid  on  the  soil 
1  found  that  the  solution  contained  '18  |)er  cent  PjOa  (extraction  with  HClsp.  gr. 
=  1112  for  five  days  on  water-bath  yielded  28  per  cent  PaOB).  Owing  to  ao 
accident  the  determination  of  the  bases  was  not  completed,  I  can,  however, 
state  that  the  extract  contained  a  considerable  quantity  of  gelatinous  silica, 
(zeolites). 
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Analyses  by  fusion  of  rock,  soil  and  sediments. 

Op  ^  >•  !»: 

OD      •  • 

n-s  ►  .  7 

i5        A-S  S)^  i  V 

.So*  PC  a 

©           s  S  *  ® 

.a            S^  o  S  S  S  • 

■SsPS  ^;s  ;r;  ;a  >» 

a           Js,*^  cfi  c^  cX                   c«  6 

SiOa                    50-85       48*42  68-16        57*07  55-94  4152 

PaOi*                     -76           -78  -43             -33  '24  -42  -11 

SOs                         05           -03  -07            -04  not  detenn.  -08 

HaO                       -34         1-20  1-77             '21  

KaO                     113         116  108           1-53  176  

Na,0                   2-37         229  2-66           2*90  167  

CaO                     9-33         8-98  457           6-55  307  -41 

MgO                    5-57         4-58  199           259  1-72  157 

FeO                     711         4-77  2-80  

Fe,Os                 10*03      10*80  10*59          8*24  11*98  17*93 

A1,0,                 12*54       16*00  1503  17*57  16*32  17*18 

Org.  matter         3*52          7*40t  18*861 


100-08      99-01         100*37        99*83         100*28 

lyiscussion  of  the  ancUyses  by  fusion  of  the  sediments  obtained  by 

mechaffical  analysis, 

I.  Clay :  M.  Th.  Schloesing,  the  celebrated  French  agricul- 
tural chemist,  in  speaking  about  "  clay,"  says  ij;,  "  Clay  derives 
its  origin  from  the  decomposition  of  siliceous  rocks.  Under 
atmospheric  influences,  such  as  humidity,  oxygen,  carbonic 
acid,  these  rocks  are  slowly  decomposed.  Their  alkalies  and 
alkaline  earths  are  transformed  into  carbonates.  These  are 
leached  out  by  water ;  the  calcium  carbonate  with  the  help  of 
free  carbonic  acid ;  at  the  same  time  a  part  of  the 'silica  is  set 
free  and  becomes  soluble.  The  silicate  of  alumina  remains  in- 
tact ;  by  taking  up  water  it  becomes  clay.  The  iron  which  be- 
comes insoluble,  changing  into  peroxide,  remains  with  the  clay. 
The  clay  retains  besides  small  quantities  of  other  substances, 
such  as  alkalies  and  alkaline  earths,  in  a  sense  as  the  witnesses 
of  its  origin." 

It  is  interesting  to  hear  another  agricultural  chemist  upon 
the  same  subject.  In  the  chapter  on  soil  investigation,§  which 
forms  a  part  of  the  **  General  Discussion  of  the  Cotton  pro- 
dnction  of  the  United  States  "  Prof.  E.  W.  Hilgard  says :  "  The 
concentration  of  the  available  portion  of  the  plant-food  of  soils 
in  their  finest  portions  is  almost  a  maxim  already,  scarcely  need- 

♦  By  extraction  with  HNO3.  f  OrgaDic  matter  and  water. 

±  P.  62,  Chimie  Agricole.    (Pr^my.     Encjclop^die  Chimique.) 
S  Tenth  U.  8.  Oensus. 
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I>iKUSeion  of  the  analj/ies  of  the  tmditnentt  by  extraetion  vUfi 
hot  hydrochloric  acid. 

These  analyses  have  first  of  all  revealed  the  feet  that  the 
amoante  of  alkalies  and  alkaline  earths,  which  were  obtained 
by  extraction  with  hvdr(K;hloric  acid  from  the  eediments  8" 
\i.  v,-64'""  L  v.,  -25""  h.  T.-S™  h.  v.,  <-25™  h.  v.,  and  from 
the  clay  decrease  almost  prr^purtioaately  to  the  decrease  of  total 
percentages  obtained  in  the  analyses  by  fneion.  ■ 

The  total  amount  of  alkali-chlorides  for  instance  in  eedimente 
gmiD  1,  y  _f^mm  [j  y  yielded  by  the  method  of  J,  Lawreoce 
Smith,  is  equal  to  788  per  cent.  By  extraction  with  hydro- 
chloric acid  250  per  cent  were  fonnd.  The  total  amount  of 
alkali-chloridea  in  the  silt  obtained  by  the  J.  Lawrence  Smith 
method  is  equal  to  5-94  per  cent  If  we  write  now  the  propo^ 
Hon : 

7-68  :  2-50=5-94  :  x 

we  find  iC=l-S8  per  cent,  while  1-95  per  cent  of  alkali-chloride 
were  fonnd  in  the  silt  by  extraction  with  hydrochioric  add. 
The  following  tables  exhibit  these  facta.  J 

Sodium  and  potassium  chlorides  found. 

By  extractkui  with  BCL 
4  .....  88<_  j  jja,O  =  2-S0  ^  ^^*-  (  Na  0  =  '91 
-8"""  1-9   _iK,6='38 

^^*  ~(Xa,0=l-67        ^®^  -iNLOs-sa 

7.ifl  _  \  K.O  =108      „._  _  (  K.0  =-:s 

'"  -1Sa,0=2-56        ^^°  -^Na,0=-«r 

Vatcitim  oxide  and  magnesium  oxide  found. 


^H 

Ca 

^B                  .25=''"-8""' 

^^^  ^ii.../:: 

...    4-5 
Ph.,» 

^^^^^^^I^HM^'    ' 

By  TuaioQ. 

Bt 

Bitraction  with  Ha 

Per  esnl. 

J.                MgO. 

CaO.               UgO. 

6              2'59  _ 

301 

2-58                 '82 

7              1-72 

2-07             1-44 

7              1-99 

2-48               -87 

P/iogphoric  acid  found. 
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is  worth  while  to  inspect  these  data  a  little  more  closely. 
^e  have  found,  for  instance,  that  the  soil  yields  to  hydro- 
ric  acid  2*50  ner  cent  sodium  and  potassium  chlorides 
rS  per  cent  K,0  +  -67  per  cent  Na,0>.  We  have  further 
id  Dy  mechanical  analysis  that  the  silt  and  the  clay,  those 
tions  from  which,  owing  to  their  fineness,  the  plant-roots 
t  probably  derive  their  food,  form  only  about  one-third 
of  the  soil  (31'84:  per  cent).  We  have  also  seen  that  the 
jr  two-thirds,  which  consists  of  coarse  sediments,  yielded 
>lutely  and  relatively  much  larger  quantities  of  alkalies  to 
rochloric  acid  than  the  finer  sediments.  The  2*50  per  cent 
Ikali-chlorides  found  in  the  entire  soil  have  therefore  to  be 
ded  at  least  by  four  or  five  in  order  to  give  us  an  idea  of 
available  plant-food,  which  even  then  is  very  uncertain, 
ctly  the  same  reasoning  can  be  applied  to  the  alkaline 
hs. 

peaking  about  soils,  Professor  Storer  says  in  his  textbook, 

griculture  in  some  of  its  relations  with  chemistry,"  vol.  i, 

199.   "With  the  exception  perhaps  of  midwinter,  when 

rything  is  frozen  stiff,  it  is  certain  that  chemical  changes 

constantly  occurring  in  every  soil.      From   the  chemical 

Qt  of  view  nothing  like  rest  can  be  conceived  of  in  a  mix- 

t  so  complex  as  the  loam  of  an  ordinary  field." 

'onsidering  again  the  results  above  discussed,  I  should  like 

id  that  to  produce  a  "  mixture  so  complex  "  nature  has  to 

:  many  thousand  years ;  it  seems  to  me,  therefore,  to  be  a 

attempt  to  force  an  answer  from  a  soil  by  a  single  analysis 

its  fertility,  which  is  the  result  of  the  coincidence  of  nu- 

is  factors,  of  which  some,  and  probably  many,  are  so 

as  to  escape  our  direct  observation.     Among  the  favor- 

^nditions  which  determine  the  fertility  of  a  soil  must  be 

The  distribution  of  the  phosphoric  acid. 

analyses  show  that  the  sediments  <-25°^  h.  v.  contain 
^est  amount  of  phosphoric  acid  ('42  per  cent).     With 
ises  is  the  phosphoric  acid  in  the  silt  and  in  the  other 
ts  combined? 

ier  to  answer  this  question  approximately  I  made  use 

fferent  behavior  of  the  phosphates  of  iron,  aluminum, 

um  toward  dilute  acetic  acid,  in  which  both  the  firet- 

d  phosphates  are  almost  insoluble  and  the  latter  solu- 

^  analytical  results  obtained  by  this  method  did  not 

e  question.*     However,  it  is  probable  that  in  the 

.  silt  and  the  same  quantity  of  sediments  •25°'"  h.  v.-8""°  h.  v.  were 
witli  300  C.C.  dilute  acetic  acid  (25  parts  glacial  acetic  acid  to  75 
for  five  days  at  ordinary  temperature. 

silt  yielded -0074  grm.  P,Ob. 

sediments  •26°"  h.  v.-S™"  h.  v.  yielded. ..  "0043  grm.  P«0», 
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coarser  portions  of  this  soil  the  alkaline  earth  phosphates  pre- 
dominate, owing  to  undecomposed  apatite,  while  in  the  mier 
portions  which  contain  more  of  the  oxides  of  iron  and  alumina 
they  change  into  phosphates  of  iron  and  alumina.  This  sup- 
position is  confirmed  by  the  researches  of  K  Peters*  and 
Warington,  Jr.f 

Should  we  now  attempt  to  decide  about  the  d^ree  of  fer- 
tility of  the  soil,  it  would  not  be  sufficient  to  know  liow  mnch| 
phosphoric  acid  is  contained  in  the  soil,  and  with  what  bflfies 
it  is  combined ;  we  ought  also  to  know  if  the  conditions  in 
the  soil  are  favorable  to  the  decomposition  or  solution  of  the 
phosphates,  particularly  those  of  iron  and  alumina,  so  that 
the  phosphoric  acid  could  become  available  as  plant-food 

Being  aware  of  the  omnipresence  of  the  phosphates  of  iron 
and  aluminum  in  the  soil,  Tlienard§  has  attempted  to  solve  this 
question.  By  a  laboratoiy  experiment  he  snowed  that,  the 
available  form  of  phosphoric  acid — phosphate  of  calcium— is 
formed  by  a  double  decomposition  of  the  phosphates  of  iron 
and  aluminum  and  a  soluble  modification'  of  calcium  silicate. 
We  must  confess  that  even  if  that  should  be  the  true  explana- 
tion of  the  phenomenon  we  are  unable  to  trace  those  conditions 
in  nature. 

I  have  not  made  determinations  of  nitrogen  and  ammonia  in 
the  soil  owin^  to  lack  of  material,  and  other  determinations 
have  been  omitted  for  the  same  reason. 

The  results  of  this  investigation  may  be  summarized  as 
follows : 

i.  The  action  of  hydrochloric  acid  on  soils  is  far  from  nni- 
form.  This  is  seen  when  we  compare  the  results  obtained  by 
extracting  the  Rockland  Ridge  soil  with  hot  and  cold  hydro- 
chloric acid,  and  the  results  wliich  Grouven  has  published. 

2.  It  is  probable  that  plant-roots  derive  their  nutrition  from 
the  finest  sediments  of  the  soil,  from  the  clay.  But  this  does 
not  make  necessary  that  the  clay  should  be  the  richest  of  all 
sediments  in  plant-food.  Such  may  be  only  the  case  if  tlie 
coarser  sediments  consist  of  quartz-8and. 

3.  Hydrochloric  acid  corrodes  powerfully  not  only  the  finest 
sediments  of  the  soil,  but  also  the  coarsest.     We  have  good 

I.  1 00  grm.  silt  contain *42  gnn.  P,0». 

II.   100  prrm.  sed.  •25'°'"  h.  v.-8'°'"  h.  v.  contain -24  gnn.  PaO*. 

The  acetic  acid  has  therefore  dissolved  1-76  percent  of  the  total  P,Oi con- 
tained in  the  silt  and  1-41  per  cent  of  the  total  P3O5  contained  In  sedimenti  'SS"" 
h.  v.-8°""  h.  V.  This  experiment  would  have  heen  probably  more  decisive  if  ll** 
sedimentf  25"^^  h.  v.-8'°'"  h.  v.  had  been  converted  by  trituration  to  the  saa» 
degree  of  fineness  as  the  silt  posses^^es. 

♦  Annalen  der  Landwirthschaft.  vol.  xlix.  p.  31. 

f  Journ.  of  the  Chem.  Soc.,  new  series,  vol.  vi,  18G8.  p.  5. 

t  ^'  A  soil  may  contain  many  thousand  pounds  of  phosphoric  acid  or  of  nitrogCB 
and  yet  be  in  a  poor  condition." — R.  Warington,  The  Chemistry  of  the  Farm,  p  1^- 

§  Comptes  rendus,  1858,  vol.  zlvi,  p.  212. 


J.  F.  Kemp — EaoUnsion  of  the  CorUorndt  Series.      247 

jon  to  suppose  that  plant-roots  derive  their  food  only  from 

finest  sediments  with  the  help  of  carbonic  and  weak  organic 

Is      Therefore,  extraction  with  hydrochloric  acid  does  not 

reduce  or  represent  the  processes  which  are  going  on  in 

ure. 

.  The  fertility  of  a  soil  greatly  depends  not  only  upon  the 

•ntity  of  phosphoric  acid   which  is  present,  but  also  upon 

mode  of  its  occurrence.  We  are  unable  to  ascertain  with 
nracy  with  what  bases  the  phosphoric  acid  is  combined  in 

soil ;  we  are  further  utterly  unable  to  find  out  if  the  con- 
ons  for  transformation  of  the  insoluble  phosphates  into 
ible  ones  are  favorable  in  any  given  soil. 
».  Therefore,  it  is  not  possible  to  decide  about  the  fertility 
i  soil  on  the  strength  of  a  chemical  analysis.  As  an  excep- 
1,  however,  I  must  mention  certain  desert-soils.      If  chemi- 

analysis  should  reveal  that  such  a  soil  consists  almost  en  • 
ly  01  silica,  we  can  with  good  conscience  predict  to  the 
iner  very  poor  harvests. 

do  not  profess  to  have  brought  forward  any  new  facts.  I 
ieve  to  have  only  confirmed  by  my  work  opinions  which 
•e  expressed  already  long  ago  by  authorities  in  the  domain 
igricultural  chemistry.  As  chemical  soil-analysis  is  still  car- 
1  on  in  America  and  in  Europe,  often,  it  must  be  acknowl- 
ed,  with  industry  and  laudable  perseverance,  I  thought  it 

)e  my  duty  to  communicate  my  results,  however  modest 

fragmentary  they  mav  be,  to  my  fellow  workers,  with  the 

'  to  prove  myself  useiul  to  them. 

T.     Berkeley,  Cal. 


XXV. — On  the  Roeetown   Extension  of  the  Cortlandt 

Series;  by  J.  F.  Kemp. 

he  fieldwork  of  the  New  Jersey  Survey  of  1885,*  Dr.  N. 

ton  and  Mr.  F.  J.  H.  Merrill  came  upon  evidences  of 

apeared  to  be  a  further  extension  of  the  well  known 

it  seriesf  on  the  Hudson  River.     They  were  due  west 

7  Point,  about  the  small  crossroads  settlement  known 

own.     The  observations  were  suggested  to  the  writer 

im  the  following  results  have  been  worked  out  so  that 

town  area  is  now  definitely  circumscribed. 

I  be  seen  from  the  accompanying  map  it  extends  in  an 

3hoe  shaped  outline  with  its  longer  axis  running  ap- 

p.  N.  J.  State,  C4eol.  1886.  p.  70;  School  of  Mines  Quarterly,  vol.  ix, 
rnal,  III,  zx,  p.  194. 
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proximately  N.  40.  E.  It  covers  about  three-quarters  of  a 
square  mile  and  is  surrounded  on  all  sides  by  the  gneissic  loclu 
of  what  Dr.  Britton  has  called  the  Iron-bearing  Groap.  At 
the  southwest  it  enclosea  a  bed  of  limestone  now  changed  to  i 
compact  crystalline  marble,  which  shows,  as  will  be  noticed 
further  on,  pecnliar  evidences  of  contact  metamorpbiBm. 
Around  the  edge  of  the  emptive  area  the  gneiss  is  fissured  bj 
small  dikes,  and  itself  bears  witness  of  having  been  sabject^d 
to  some  powerful  action  It  breaks  in  smaU  angular  lumps, 
loses  its  bedding  or  lamination,  and  under  the  nucroaoope  ei- 
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hibite  the  large  norm  il  crystals  of  orthoclase  broken  into  imin- 
merable  smaller  masses  which  polan/e  as  individuals  Between 
the  Stony  Point  area  of  the  ongmal  Cortlandt  Senes  and  tlie 
nearest  outcrop  of  the  liosetown  arta  about  one  mile  intervenes. 
This  is  made  up  of  a  narrow  band  of  much  contorted  scliiBt  in 
the  immediate  vicinity  of  Stony  Point,  of  the  Tompkins  Cove 
blue  limestone  and  the  Archsan  gneiss.  On  the  south,  the 
Triassic  conglomerate  and  shales*  form  the  surface  but  in  no  ' 
place  do  tliey  eome  in  contact  with  the  eruptives  and  their  dip 
and  strike  are  widely  different  from  tiie  limestone.  In  C,  9  and 
•  Russell,  I.  H.,  Annals  N.  T.  Acad.  Sci.,  vol.  i,  (18T8),  p.  237. 
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D,  8  the  limestone  ontcrop  cannot  be  traced  because  of  the 
drift,  and  is  inferentially  filled  in.  In  C,  9,  and  B,  10  it  is 
however,  represented  by  a  hard,  flinty,  stratified  rock,  which 
doubtless  corresponds  to  the  slaty  layers  exposed  at  Tonipkins 
Cove.  It  is  however  very  badly  contorted  and  broken*  Topo- 
graphically, the  country  consists  in  general  of  high  hills  or 
ridges  of  gneiss,  surrounding  a  valley  which  is  tilled  by  the 
eruptives.  These  latter  afford  low  hillocks  and  rolling  ground 
of  a  character  peculiar  to  themselves. 

The  massive  rocks  are  in  almost  all  cases,  aggregates  of  horn- 
blende, biotite  and  plagioclase,  with  abundant  ms^etite,  and 
are  therefore  diorites.  Aogite  is  frequent,  and  the  common 
accessory  included  minerals  are  as  usual  present.  They  differ 
from  the  original  Cortlandt  in  showing,  so  far  as  the  writer's 
observation  has  gone,  no  hypersthene,  nor,  although  there  are 
individuals  whose  external  appearance  strongly  resembles  the 
peridotites  and  pikrites  of  Croton  Pt.,  have  I  been  able  to 
identify  any  olivme  in  the  slides. 

The  simplest  type  (No.  76,  from  C,  6),  exhibits  hornblende, 
plagioclase  and  magnetite  with  occasional  biotite.  The  horn- 
olende  is  of  both  Drown  and  green  kinds.  The  former  is  in 
large,  irregular  masses  5  to  20  X  50  to  200  °^.,  strongly  pleo- 
chroic,  c,  dark  brown;  i,  the  same;  a,  yellow.  The  green 
variety  is  feebly  pleochroic,  of.  fibrous  or  acicular  character  and 
may  be  derivea  irom  the  brown.  The  brown  variety  alters  to 
chlorite  with  secondary  magnetite.  The  plagioclase  is  also  in 
large  irregular  masses  well  twinned.  A  sample  isolated  by 
Thoulet's  solution  (spec.  69)  afforded  analysis  I. 

I.  II. 

SiO, 61-12  49-30 

Al,0, 23-90  22-46 

Fe,0, 1204 

CaO 5-80  9-30 

MgO 2-14 

K,0 2-58  1-27 

Na,0    6-78  3-01 

Loss  on  ignition                        '78 

100-18  100-30 

This  shows  it  to  be  a  nearly  typical  oligoclase  whose  soda  has 
been  in  part  replaced  by  potash.  The  magnetite  is  in  large 
irregular  grains  and  as  small  secondary  products  from  the  horn- 
blende. Apatite  is  not  infrequent.  An  analysis  of  the  rock 
(spec.  76)  gave  the  results  in  analysis  II  above.  Three  deter- 
minations of  the  specific  gravity  gave  3  003,  3*015,  3-026. 

Starting  from  this  as  a  normal  type,  the  simplest  deviation 
•consists  in  the  increase  of  biotite  and  relative  decrease  of  horn- 
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blende,  which  may  go  so  far  that  (as  in  102  from  A,  7)  no  horn 
blende  remains  and  the  rock  is  a  pure  mica-diorite. 

In  the  ]e86  simple  mineralogical  aggregates  aagite  frequently 
appears  and  at  times  in  considerable  amount,  forming  as  much 
of  the  rock  as  any  other  component  It  is  light,  transparent 
green  in  color,  not  at  all  pleochroic  and  exhibits  well  marked 
cleavage  and  characteristic  optical  properties.  Some  large  de- 
tached masses  (in  B,  8)  evidently  not  far  from  place,  were  fonnd 
to  consist  almost  wholly  of  brown  hornblende  and  green  infijte, 
a  very  curious  and  interesting  mixture.  (Spec.  207.)  The 
hornblende  is  in  large  irregular  masses  perhaps  10"".  X  15°". 
of  rude,  corroded  prismatic  outline.  These  are  surrounded  by 
smaller,  often  idiomorphic  crystals  of  augite  and  frequently 
contain  abundant  masses  of  the  same  scattered  thronghont. 
This  association  suggested  the  interesting  question  of  the  para- 
morphosis  of  these  two  minerals.*  As  the  most  reliable  basis 
from  which  to  draw  any  inference,  enough  of  each  mineral  was 
isolated  by  careful  sorting  for  analysis. 

m.  IV.  V. 

SiO    43-60  46-00  4.^-35 

Fe,0, 14-08  11-20  6-61 

A1,0, 2002  14-80  29-75 

CaO J2-19  15-62  12-46 

MgO 4-03  4-75  2-03 

K,0 2  06  4-70  5-93 

Na,0 3-50  3-20  tr. 

Loss  on  ignition 0-73 

99-48  100-17  99-86 

(Numbers  III  and  IV  are  the  hornblende  and  augite,  re- 
spectively, analyzed  by  the  writer.  No.  V  is  an  analysis  of  a 
somewhat  altered  piece  of  the  same  rock  kindlv  made  by  Mr. 
L.  M.  Dennis,  instructor  in*  chemistry  in  this  university.) 

These  analyses  show  that  the  hornblende  is  more  basic  than 
the  augite  and  corroborate  the  view  first  taken  from  the  slide, 
that  the  augite  has  been  formed  subsequent  to  the  hornblende 
by  the  corroding  action  of  the  more  acid  magma  which  re- 
mained after  its  differentiation.  A  similar  process  with  the 
formation  of  magnetite  has  been  described  by  Oebbeke  in  the 
andesites  of  the  Phillipines  ;t  but  elsewhere  in  the  older 
rocks:|:  and  especially  in  those  of  the  main  Cortlandt,§  the  pro- 
cess of  change  in  these  minerals  seems  to  have  occurred  in  the 

*  G.  H.  Williams,  this  Jounial,   III,  vol.  xxviii,  p.  259.     Full  references  and  » 
review  of  the  literature  are  here  ^ven. 
f  Xeues  Jahrbuch,  Bell.  Bund  i.  1881,  p.  474. 
i  Rosenbusch,  Mikros.  Phys.,  Band  i,  p.  4(58. 
§  G.  H.  Williams,  this  Journal,  vol.  xxxi,  p.  H3,  Jan.,  1886. 
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3  Bnccession.  The  Buccession  here  noted  is  also  in  accord 
rtificial  experiment. 

^een  the  general  diorite  that  forms  the  greater  part  of 
osetown  area  and  the  diorites  and  mica-diorites  of  the 
irea,  the  writer  can  trace  no  mineralo^cal  differences 
J  of  note  except  those  already  given.  Omitting  the  hy- 
ene  and  olivine  from  consideration  it  woald  donbtless 
sible  to  find  types  corresponding  with  those  described  by 
Williams,  but  it  would  simplify  matters  in  no  respect, 
riter  would  express  his  obligations  to  Dr.  Williams  for 
nd  loan  of  a  series  of  typical  sections,  from  the  main 
ndt  with  which  to  compare  his  results.  As  mineralogical 
;ates  they  are  quite  analogous. 

und  the  edges  of  the  area,  where  the  massive  rocks  come 
itact  with  the  gneiss,  numerous  small  dikes  have  been 
ped.  They  vary  from  one  to  several  inches  in  width 
List  ver/unifo^ly  of  brown  and  green  hornblende, 
to  O'S""™  intermingled  with  feldspar  masses  no  larger, 
omblende  crystals  tend  to  have  their  longer  axes  ar- 
l  parallel  with  the  walls  of  the  dike.  The  feldspar 
shows  twinning  and  its  composition  must  generally  be 
id  from  the  analysis.  The  feldspar  is  however  filled 
nclusions  of  hornblende,  rutile,  and  less  often  apatita 
ollowing  analysis  (spec.  66a)  kindly  made  by  Mr.  L.  M. 
B,  shows  the  notably  high  percentage  of  TiO„  which 
be  inferred  from  the  slide. 

VI. 

SiO, 49-93 

FeO* 2-74 

A1,0,   .: 24-64 

CaO    6-265 

MgO 2-426 

TiO    6-007 

Na,0 2-204 

K,0 3-797 

Loss  on  ignition I '2 

99-209 

!  structure  of  most  of  these  dikes  is  quite  uniformly 
omorphic  and  in  the  majority  of  cases  no  amorphous 
•  or  distinct  magma  can  be  noted  (exception  mentioned 
The  hornblende  has  generally  crystallized  first  after 
tides  but  at  least  one  instance  (slide  68)  has  been  re- 
d  in  which  a  plagioclase  is  included  in  hornblende, 
the  border  of  one  small  offshoot  (66a)  which  is  4™°* 
the  microscope  shows  a  selvage  of  fine  quartz  and  feld- 

*  All  of  the  iron  estimated  as  FeO. 
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spar  crystals  0*1°^  to  0-3"*",  evidently  produced  from  the  large 
quartz  and  feldspar  of  the  ^eiss  by  contact  In  polarized 
light  this  resembles  a  beautiful  fine  mosaic  (kataklasstmctar  ?) 
apparently  protecting  the  gneiss  from  the  further  metamor- 
phosing  action  of  the  dike.  These  contact  phenomena  are  to  be 
seen  very  generally  around  the  area  but  the  best  exposure  is 
perhaps  in  the  roadside  in  D,  5  and  C,  6.  On  the  roadside 
m  A,  6  where  the  area  trends  to  the  north  at  the  site  of  a 
supposed  silver  mine  is  a  dike  which  proves  to  be  a  horn- 
blende porphyrite  which  is  interesting  as  exhibiting  a  dif- 
ferent lacies  from  the  other  contact  dikes,  and  one  more 
of  the  character  that  would  on  a  priori  grounds  be  expected. 
It  seems  reasonable  to  infer  that  this  latter  was  intruded 
between  walls  possessing  less  heat  for  some  reason  than  those 
of  the  former,  and  was  thus  more  suddenly  chilled. 

From  somewhere  near  this  same  locality  a  piece  of  so-called 
iron  ore  was  given  me  by  a  farmer,  but  the  exact  point  was 
kept  secret.  It  appears  on  section  to  be  a  hard  and  very  com- 
pact mixture  of  magnetite  and  emery  or  corundum  and  to  be 
thus  a  similar  occurrence  to  those  in  the  main  Cortlandt* 

In  the  bed  of  the  brook  below  the  M.  E.  parsonage  (B,  8^  is 
another  most  peculiar  contact  mass.  The  rock  is  of  porphyntic 
character  very  similar  to  the  curious  porphyi'itic  rocKS  occnrrinff 
near  Montrose.  It  contains,  however,  all  manner  of  indudea 
masses  of  gneiss  and  limestone,  resembling  a  pudding  into 
which  the  enclosed  masses  have  been  stirred.  In  macroscopic 
characters  the  enclosed  limestone  resembles  ven^  closely  the 
mass  on  the  summit  of  Stony  Pt.  Under  the  microscope  it  is 
seen  to  be  an  exceedingly  finely  crystalline  aggregate  of  calcite 
crystals  -j^j^""*  in  diameter  mingled  with  some,  more  brightly 
polarizing  but  undetermined  mineral  in  crystals  no  larger. 
Scattered  grains  of  pyritc  are  also  to  be  seen. 

Back  of  the  limc-kiln  in  B,  8  and  9  is  found  the  mass  of  in- 
cluded marble  above  referred  to.  This  is  colored  dead  black  on 
the  map.  As  much  as  thirty  feet  in  thickness  have  been  ex- 
posed by  the  quarrying,  but  the  exact  contact  with  the  diorites 
is  not  shown.  They  however  are  found  but  a  short  distance 
north  and  south,  proving  it  to  be  an  included  mass.  In  general 
the  b'mestone  is  a  beautiful  white  crystalline  marble,  in  places 
very  curiously  banded.  There  are,  however,  numerous  masses 
along  its  outer  edges  which  are  shown  by  the  sections  to  con- 
sist quite  entirely  of  tremolite.  The  limestone  also  exhibits 
the  half  fused  appearance  of  similar  contact  masses  the  world 
over.  A  similar  limestone  or  marble  is  said  by  the  fanners  to 
have  been  found  in  the  bed  of  the  brook  near  the  porphyntic 

*  J.  D.  Dana.    This  Jour.,  Ill,  xx,  p.  199-200.— G.  H.  WiUiams,  ibid.,  xxxui, 
p.  194. 
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rock  above  referred  to,  bot  I  was  unable  to  find  it  myself.  If 
so,  it  probably  furnished  the  included  masses  there  mentioned. 

Along  the  roadside  in  B  and  C,  5,  a  mass  of  included  gneiss 
is  to  be  seen.  This  is  very  firmly  crystalline,  appearing  al- 
most massive  in  character,  and  is  more  compact  and  hard  than 
the  neighboring  gneiss  in  place.  It  is  said  that  stone  for  bridge- 
piers  and  culverts  was  obtained  here  by  the  West  Shore  Rail- 
way engineers  on  account  of  its  strength. 

While  this  area  is  far  smaller  than  the  original  Cortlandt,  it 
yet  is  large  enough  to  exhibit  in  its  mass  very  perfectly  the 
coarse,  hofocrystalline  structure,  characteristic  of  plutonic 
masses,  shading  off  toward  the  contact  into  finely  crystalline  or 
porphyritic  types.  Moreover,  as  the  general  axes  of  both  this 
area  and  the  main  Cortlandt  run  approximately  parallel  to  the 
strike  of  the  gneiss  and  limestone  the  inference  is  suggested 
that  they  welled  forth  from  longitudinal  fissures  produced  by 
the  general  folding.  Also  that  the  Rosetown  mass  broke  across 
and  through  the  intervening  beds  of  limestone  and  gneiss  and 
formed  the  westerly  extension  and  that  in  its  passage  it  took 
op  the  masses  of  limestone  and  gneiss  now  found  included. 
From  the  undisturbed  condition  and  unconformable  strike  of 
the  neighboring  Triassic  beds  it  is  safe  to  infer  that  the  out- 
break was  previous  to  the  Trias.  It  is  clearly  subsequent  to 
the  Tompkins  Cove  limestone.  If  this  is  Cambrian  as  seems  in- 
creasingly probable  the  intrusion  of  the  Cortlandt  series  cer- 
tainly occurred  in  the  Palaeozoic.*  We  would  infer,  however, 
from  its  general  holocrystalline  character  that  the  mass,  as  now 
seen,  solidified  a  considerable  distance  beneath  the  surface  and 
under  great  pressure  and  slow  cooling. 

The  credit  of  the  discovery  of  this  area  belongs  to  Dr.  N.  L. 
Britton,  and  the  writer  is  indebted  to  himr  for  the  suggestion 
of  its  elaboration.  It  is  not  improbable  that  other  outlying 
masses  may  be  found  in  further  field  work  in  the  Highlands. 
In  the  rear  of  the  Tompkins  Cove  School  numerous  stray  pieces 
of  feldspar  porphyry,  like  the  rock  near  Montrose  Station  have 
been  found  by  the  writer  quite  disconnected  with  either  area. 
In  the  foot  of  the  Dunderberg  the  West  Shore  R.  R.  cuts  show 
numerous  dikes  which  seem  to  be  closely  related.  From  this 
same  region  Matherf  mentions  under  the  name  greenstone  not 
a  few  localities  of  probably  intrusive  rock,  but  his  descriptions 
are  too  unsystematic  to  serve  as  other  than  suggestions  for 
subsequent  workers. 

Geological  Laboratory,  Coraell  University,  Ithaca,  N.  Y. 

*  J.  D.  Dana.     This  Jour.,  Ill,  vol.  xxviii,  p.  386. 

fN.  Y.  State  Survey,  Geol.,  ist  Dist.,  p.  539  and  elsewhere. 
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Art.  XXVI. — The  Conta^t-Metamorphisjn  produced  in  the 
adjoining  Mica  schists  and  Limestones  hy  the  Massm 
Rocks  of  the  "  Cortlandt  Series^^^  nea/r  PeekskiU^  N,  Y.; 
by  George  H.  Williams.    With  Plate  VI. 

In  three  former  papers  I  have  described  the  principal  types 
and  some  of  the  intermediate  varieties  forming  the  complicated 
group  of  massive  rocks  known  as  the  "Cortlandt  Series."* 
Aside  from  their  own  intrinsic  interest,  these  rocks  are  hardlv 
less  worthy  of  attention  on  account  of  the  unusual  contact- 
pietamorphism  which  they  have  occasioned  in  the  adjoining 
schists. 

The  area  occupied  by  the  Cortlandt  massive  rocks — aboai 
twenty-five  square  miles  in  extent — is  bordered  on  the  soutl: 
mainly  by  mica  schists  and  on  the  west  mainly  by  limestones 
Both  of  these  rocks  have  been  altered  by  the  masses  whicl 
have  broken  through  them,  although  the  metamorphosing  ia 
fluence  has  not  extended  far  from  the  contact.  The  gneisses 
on  the  other  hand,  which  border  the  Cortlandt  area  on  th< 
north,  do  not  appear  to  have  been  materially  affected. 

The  two  localities  where  the^e  phases  of  metamorphism  wer< 
best  observed — both  already  known  through  Professor  Dana'i 
descriptions  of  them — are  here  selected  as  typical.  A  furthei 
search  would  doubtless  reveal  other  localities  as  interesting 
while  the  emery  and  iron  (pleonaste)  deposits  already  describee 
by  the  writer  as  occurring  in  the  southern  part  of  the  Cort 
landt  area,f  may  with  certainty  be  referred  to  the  same  category 

The  tw^o  typical  localities  referred  to  are :  for  mica  schiBi 
metamorphism,  Cruger^s  Station;  for  limestone  metaraorphism, 
southern  end  of  Verplanck  Point. 

I.  Contact-iiietamorphism  in  the  Mica  Schist, 

If  we  leave  the   train  at  Cruger's,  a  station  on  the  Hudson 
River  Railroad  about  four  miles  south  of  Peekskill,  we  find 
ourselves  near  the  river-bank  which  at  this  point  extends  nearly 
west  for  about  three  fourths  of  a  mile.     Near  the  shore  the 
rocks  exposed  are  mica  schists,  but  these  are  frequently  covered 
by  beds  of  clay  which    is   used   in   the  numerous  brick-sheds 
01  this  region.     Not  over  a  few  hundred  yards  from  the  shore 
rises  a  rocky  wall  which  extends  nearly  parallel  to  the  rivei 
bank  until  this  bends  toward  the  north.     This  wall  coincides 
with  the  southern  edge  of  the  massive  rocks  of  the  "Cortland 

*  This  Journal,  III.  xxxi,  p.  26,  Jan.,  1S86:  ib .  xxxiii,  pp.  135  and  191,  Fel 
and  March,  1887;  ib.,  xxxv,  p.  438,  June,  1JS88. 
f  This  Journal,  III,  xxxiii,  p.  194,  March,  1887. 
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series,"  which  here  <!oii8ist  of  mica-diorite  or  mica-hornbleDde- 
fliorite.  No  exposare  coald  display  more  favorably  than  this 
one  the  .(contact- phenomena  between  the  maesive  rock  and 
idjaeent  Bchiets. 

This  small  area  is  represented  on  Professor  Dana's  map,*  but 
It  U  here  reproduced  on  a  mnch  larger  scale  from  the'  mann- 
wript  chart  in  the  office  of  the  U".  S.  Coast  and  Geodetic  Sur- 
vey in  Washington.     The  particular  points  designated  by  let- 


Map  ol  the  region  near  Cruger's  Slatioa. 
ters  are  the  same  as  those  used  by  Professor  Dana.*  They 
•^present  three  different  sections  across  the  schists,  one  300-400 
yardfl  {l-m)\  aae  700  yards  (o-p);  and  are  900  yards  {as)  west  of 
Crnf'er's  Station,  and'  are  as  good  as  any  that  could  be  selected. 
The  mica  schists  of  this  area  adjoin  conformably  the  small 
Hmestone  area  at  Cruger's  Station  and  have  un  average  strike 
N.  70*  E.  and  dip  76°  N. ;  i,  e.  they  strike  nearly  parallel  to 
the  river  bank  and  dip  toward  the  massive  rocks.  On  the 
shore  they  are  highly  crystalline,  but  not  much  crumpled  or 
metamorphosed.  As  we  follow  tliem,  however,  across  the 
itrike  they  become  more  and  more  puckered  and  iilled  with 
ensee  or  eyes  of  quartz  containing  garnet  and  other  contact 
□inerals.  In  the  schists  themselves  are  developed  staurolite, 
illimanite,  cyanite  and  garnet.  The  intensity  of  the  meta- 
aorphic  changes  is  directly  proportional  to  the  nearness  of  the 
*  This  Journal,  III,  iz,  p.  195,  Sept.,  18SD. 
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Art.  XXVI. — The  CotUaci-Metamorphism  produced  in  the 
adjoining  Mica  schists  and  Limestones  hy  the  Masstve 
Mocks  of  the  "  Cortlandt  Series"  near  PeekskiU,  N.  1'. ; 
by  George  H.  Williams.     With  Plate  VI, 

In  three  former  papers  I  liave  described  the  principal  types 
Mid  some  of  the  intermediate  varieties  forming  the  complicated 
group  of  maasivL-  rocks  known  as  the  "  Cortlandt  Series."* 
Aside  from  their  own  intrinsic  intereet,  these  rocks  are  hardlv 
lees  worthy  of  attention  on  account  of  the  unusnal  eontaet- 
pietamorpliism  which  they  have  occasioned  in  the  adjoining 
echists. 

The  area  occupied  by  the  Cortlandt  massive  rocks — about 
twenty-five  sqnare  miles  in  extent — is  bordered  on  the  south 
mainly  by  mica  schists  and  on  the  west  mainly  by  limestones. 
Both  of  these  rocks  liave  been  altered  by  the  masses  whicit 
have  broken  through  them,  altliough  the  metamorphosing  io- 
fluence  has  not  extended  far  from  the  contact.  The  gneisdes, 
on  the  other  hand,  which  border  the  Cortlandt  area  on  the 
north,  do  not  appear  to  have  been  materially  affected. 

The  two  localities  where  the-e  pliases  of  metamorphism  weie 
best  observed — botli  already  known  through  Professor  Daoi's 
defJLTiptiniit^  i>f  tliem — are  here  selected  as  typical.  A  further 
Benreli  wliuIiI  doiibtlesi-  reveal  other  localities  as  interesting, 
while  the  emery  and  iron  (pleonaste)  deposits  already  described 
by  the  writer  as  occurring  in  the  southeni  jiart  of  the  C  ' 
landt  area,t  may  with  certainty  be  referred  to  the  eauaeq  ' 

The  two  typical   localities  referred  to  are:  forJ"**^ 
metaniorphjam.  Cniger's  Station;  for  lin 
Bontlie^^^^  Verplatick  Point. 
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Series."'  whieli  here  eoii?isI  of  mica-diorite  or  inipa-liomblende- 
dicrite.  Xo  expo&iire  could  dieplay  more  favorahly  than  this 
one  the  .contact- phenomena  hetween  the  iiiae^iTe  r»>ck  aad 
adjacent  sehisli:. 

This  small  area  is  represented  on  Pr<:ife*sor  Daaa's  Tuap.*  but 
it  is  here  repri>dueei1  on  a  mnch  larger  scale  from  the'nianii- 
script  chart  in  the  office  of  the  V.  S.  Ciwst  and  Geodetic  Snr- 
vey  in  Washington.     The  particular  p-iinis  designated  by  let- 
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schist  to  the  massive  rocks.  Just  at  the  contact  the  schistose 
structure  almost  wholly  disappears  and  the  rock  becomes  hard 
and  massive. 

In  order  to  understand  these  interesting  alterations  more 
perfectly,  we  will  examine  each  of  the  three  above-mentioned 
sections  somewhat  in  detail. 

Section  I. — At  a  point  on  the  river  shore  lust  west  of  the 
first  brick-yard  {I  on  the  map)  mica  schist  is  exposed  at  the 
water's  edge.  This  stands  nearly  vertical  and  is  finely  banded 
and  very  schistose,  but  is  hardly  at  all  crumpled  or  even  bent. 
A  thin  section,  cut  parallel  to  the  bedding  (No.  21),  shows  it 
to  be  composed  of  quartz,  biotite,  muscovite  and  feldspar,  (both 
orthoclase  and  plagioclase)  although  the  last-named  mineral  is 
comparatively  rare.  Tourmaline  in  well-formed  crystals  is 
common  and  zircon  is  also  quite  abundant,  often  occasioning 
the  pleochroic  aureoles  in  the  biotite  (PI.  VI,  fig.  1). 
.  Not  far  from  here,  limestone  is  exposed  and  some  of  this 
schist  is  so  impregnated  with  calcium  carbonate  as  to  be  over 
half  calcite.  A  specimen  of  this  (No.  22)  shows  under  the 
microscope  mainly  quartz  grains  with  some  mica,  both  biotite 
and  muscovite.  The  quartz  is  filled  with  black  granules  and 
contains  an  astonishing  amount  of  rutile.  This  latter  mineral 
occurs  in  sharp  crystals,  mostly  twinned,  which  range  from 
those  thick  enough  to  show  a  deep  yellow  color  down  to  the 
minutest  which  tlie  microscope  can  reveal. 

No.  23  of  the  University,  and  K  in  Professor  Dana's  collec- 
tion were  obtained  from  a  short  distance  north  of  those  last 
described.  They  are  somewhat  more  contorted  and  contain 
more  abundant  quartz  nodules,  but  do  not  differ  materially 
from  the  less-altered  mica  schists  except  in  the  fact  that  gar- 
net has  been  quite  abundantly  developed  in  them.  The  quartz, 
both  kinds  of  mica  and  the  feldspar  remain,  but  no  tourmaline 
was  observed.  No.  24,  from  a  point  somewhere  farther  north, 
is  a  contorted  muscovitebiotite-schist  containing  many  quartz 
"  eyes  "  together  with  an  abundance  of  large  doaecahednd  red 
garnets. 

A  slide  in  Professor  Dana's  collection  marked  M  and  made 
from  a  specimen  obtained  on  the  line  of  section  I,  not  far  north 
of  the  brick-sheds,  is  of  remarkable  beauty.  It  represents  the 
first  phase  of  sillimanite-formation,  where  this  mineral  has 
room  for  its  complete  development  (PI.  VI,  fig.  2).  The  base 
of  this  rock  seems  to  be  quartz,  triclinic  feldspar  and  biotite. 
The  first  constituent  is  filled  with  the  minute,  hair-like  naicro- 
liths,  which  have  been  so  often  described  but  never  yet  deter- 
mined. The  biotite  contains  magnetite  and  an  occasional 
zircon.  The  new  products  are  sillimanite,  garnet  and  rutile. 
The  sillimanite  forms  thick  brownish  indiviauals  which  break 
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up  into  radiating  tufts  at  the  extremities.  They  are  arranged 
in  every  direction  and  penetrate  equally  all  of  the  other  con- 
stituents. Some  of  these  tufts  resemble  in  their  appearance 
the  radiating  tourmaline  in  the  well-known  Luxullianite.  The 
microscopic  structure  of  the  fibers  is  in  all  respects  characteris- 
tic* They  vary  from  those  of  considerable  thickness  to  micro- 
scopic hairs.  I'he  garnet  presents  no  unusual  features.  The 
rutile  forms  often  large  but  sharply  defined  crystals  of  a  deep 
red  color. 

At  a  point  ten  yards  from  the  contact  {m  on  the  map)  on  the 
line  of  section  I,  the  schist  is  very  much  contorted,  although 
still  well  bedded  (No.  14).  The  microscope  shows  that  tne 
quartz  and  feldspar  have  been  reduced  to  a  minimum ;  while 
sillimanite,  mica  and  garnet  compose  most  of  its  substance. 
The  sillimanite  is  arranged  in  radiating  tufts  made  up  of  need- 
les so  minute  that  their  crowded  aggregation  is  hardly  trans- 
parent even  in  the  thinnest  sections.  Around  the  edge  of  these 
masses,  however,  where  the  delicate  fibers  project  into  the  sur- 
rounding quartz  or  biotite,  the  characteristic  structure  of  the 
sillimanite  is  at  once  apparent.  The  grayish  tufts  are  so  abun- 
dant as  to  compose  a  large  proportion  of  the  rock.  Between 
them  is  a  rich  brown  biotite,  frequent  large  flakes  of  musco- 
vite,  garnet  grains  and  crystals,  and  some  quartz.  Feldspar  is 
rare,  but  opaque  black  grains  of  magnetite  are  thickly  scattered 
through  the  mica.  This  aggregation  produces  a  striking  con- 
tact rock,  but  one  which  is  quite  constant  along  the  whme  ex- 
tent of  die  Cruger's  area.  It  is  frequently  modified  by  the 
presence  of  staurolite,  as  we  shall  see  beyond. 

Directly  at  the  contact  between  the  schists  and  massive  rocks, 
at  a  point  in  the  wall  marked  m  on  the  map  (Section  I),  the 
bedded  rock  appears  to  be  more  or  less  fused  with  the  mica- 
diorite,  which  nere  itself  becomes  very  gametiferous.  Even 
where  the  bedding  of  the  original  schist  is  still  distinct,  a  great 
variety  of  mineral  aggregates  may  be  obtained.  No.  18**  is  es- 
sentially a  mixture  of  staurolite,  garnet  and  biotite,  containing 
considerable  quartz  and  feldspar.  In  this  particular  specimen 
there  is  very  little  sillimanite.  No.  16,  from  this  same  expos- 
ure, shows  the  actual  contact  with  the  diorite  in  the  hand 
specimen.  The  schist  is  here  changed  to  an  almost  colorless 
pyroxene,  with  some  dark  green  hornblende  and  a  little  quartz. 

No.  18**,  a  dark  greenish  rock  from  this  same  contact,  proves, 
upon  microscopiciU  examination,  to  be  of  unusual  interest.  It 
contains  a  green  diallage,  in  which  both  pinacoidal  partings 
are  well  developed.  This  is  pleochroic  as  follows :  c=b,  bluisn 
green;  a=yellow.     This  mineral  occurs  in  rounded  grains  and 

*  cf.  Kalkowsky:  Die  Gneissformation  des  Eulengebirges,  Leipzig,  1878,  p.  6, 
€i  seq.,  PL  I,  figs.  1-4. 
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has  a  high  angle  of  extinction.     In  different  parts  of  the  thin 
sections,  however,  it  is  associated  with  different  minerals.     In 
one  place  it  occurs  with  a  triclinic  feldspar,  like  that  charac- 
teristic of  the  adjoining  diorite ;    in  another  it  is  associated 
with  muscovite,  and  in  a  third  with  a  colorless  granular  min- 
eral, whose  optical  properties  show  it  to  be  scapolite.     Its 
grains  show  sometimes  parallel,  sometimes  rectangular  cleavage 
lines ;  its  refractive  index  is  low,  but  its  inteirerence  colore 
(double  refraction)  very  brilliant.     Sections  showing  the  rec- 
tangular cleavage  are  isotropic  or  nearly  so. and  exhibit  in  con- 
vergent polarized  light  a  negative  uniaxial  figure.     The  sub- 
stance agrees  perfectly  in  its  appearance  and  optical  behavior 
with  the  scapolite  described  by  Michel-L6vy  in  the  "  gefleckief 
Oahhro "  from  Bamle  in  Norway.*     Sphene,  often  associated 
with  ilmenite,  is  also  common  in  this  rock. 

Sectio7i  II  {o-p  on  the  map),  shows  essentially  the  same  se- 
ries of  changes  as  those  described  under  Section  I.  No.  25, 
from  the  schist  exposed  at  o^  on  the  opposite  side  of  the  clay- 
bank  from  the  wall  »,  is  the  same  mica  schist  as  occurs  at  / 
(Section  I),  with  silhmanite  and  staurolite  abundantly  devel- 
oped in  it.  (PI.  VI,  tig.  3.)  The  quartz,  biotite  and  muscovite 
are  like  those  described  in  No.  21.  The  tourmaline,  however, 
seems  to  be  lacking  in  this  section  and  the  feldspar  is  rare. 
The  sillimanite  occurs  in  the  gray  radiating  tufts  as  described 
inNo.  14;  but  the  most  abundant  constituent  of  all  is  the 
staurolite.  This  occurs  in  rather  large  and  stout,  more  or  less 
perfectly  rectangular  sections,  which  possess  a  high  index  of 
refraction.  They  show  no  well-developed  cleavage,  but  have 
an  irregular  cross-parting.     The  pleochroism  is  very  marked, 

being  parallel  c,  orange ;  parallel  a  and  b,  pale  yellow.  The 
staurolite  individuals  are  often  filled  with  inclusions  of  quartz 
and  magnetite. 

As  we  pass  across  the  strike  of  the  schists  from  o  toward  p 
the  contact  (section  II),  the  quartz  steadily  diminishes  in  quan- 
tity, and  biotite  and  sillimanite  are  proportionately  increased. 
Indeed,  the  mica  schist  finally  becomes  almost  wholly  a  mixt- 
ure of  these  two  minerals,  with  a  little  garnet  and  magnetite. 

No.  36,  collected  a  short  distance  north  of  No.  25,  is  largely 
composed  of  brown  biotite  and  gray  tufted  sillimanite,  al- 
though considerable  quartz,  muscovite  and  staurolite  still  re- 
main. Garnets  and  occasional  small  zircons  are  also  present 
in  this  specimen.  No.  37,  however,  from  a  point  still  nearer 
the  contact,  has  lost  almost  every  trace  of  the  quartz,  musco- 
vite and  feldspar  of  the  original  schist.  The  staurolite  too  has 
almost  disappeared.     Garnet,  on  the  other  hand,  is  largely  de 

*  HuU.  Soc.  Min.  de  FraDce,  i,  43,  1878. 
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veloped,  its  crystals  being  penetrated  by  the  biotite  and  silliman- 
ite  which  compose  most  of  the  remainder  of  this  rock  An- 
other mineral,  noted  in  this  specimen  for  the  first  time,  is 
cyanite.  •  This  occurs  in  thick,  colorless  crystals,  with  the  pris- 
matic planes  well  developed,  bnt  without  terminal  faces.  The 
cleave^  is  marked  by  fine  sharp  lines  parallel  to  the  prism, 
and  tne  parting  parallel  OP,  due  to  gliding,  as  shown  by 
Bauer,*  is  also  very  distinct.  (See  Pi.  VI,  hg.  4.)  The  ex- 
tinction is  in  all  sections  greatly  inclined. 

Specimen  No.  27  shows  the  actual  contact  of  the  schist  and 
the  diorite.  Even  the  thin  section  is  composed  half  of  diorite 
and  half  of  the  schist,  which  has  here  become,  as  in  the  case  of 
rocks  similarly  situated  at  m,  an  aggregate  of  quartz,  feldspar, 
colorless  pyroxene  and  garnet  (cf.  Isos.  16  and  18**).  Epidote, 
zoisite  and  calcite  also  occur  in  this  section. 

A  study  of  the  sections  above  described  shows  that  there  is 
an  undoubted  metamorphism  in  the  mica  schist,  which  in- 
creases regularly  as  the  massive  rocks  are  approached.  This 
metamorphism  consists  of  an  addition  of  alumina  and  iron  and 
the  corresponding  decrease  in  the  proportions  of  silica  and 
the  alkalies.  This  is  shown  by  the  disappearance  of  the  quartz 
and  muscovite  and  the  development  of  biotite,  sillimanite, 
staurolite,  cyanite  and  garnet. 

The  four  following  analyses,  which  were  kindly  made  at  my 
request  by  Mr.  Frank  L.  if ason  of  the  Troy  Polytechnic  Insti- 
tute, clearly  indicate  the  nature  of  the  chemical  changes  which 
the  schists  have  undergone. 


I. 

II. 

III. 

IV. 

SiQ, 

62980 

61-570 

55120 

40160 

AlaO, 

16-881 

19-529 

24-320 

29-500 

Fe,0, 

2-479 

5-443 

6  130 

19-660 

PeO 

5-000 

2-608 

4-990 

5  800 

CaO 

trace 

trace 

trace 

trace 

MjrO 

1-580 

1-900 

trace 

0-850 

Na,0 

3020 

3480 

2-712 

1-460 

K,0 

7-450 

2  140 

2  826 

1-360 

TiO, 

1  6H0 

2-460 

S 

0*080 

0-846 

1-230 

0<S20 

P 

trace 

trace 

trace 

trace 

Total, 

99-470 

99-046 

99-788 

99-610 

*  Zeitacbrift  der  deutschen  geologischen  Gesellschaft,  xzx,  p.  283,  1878. 
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I.  No.  21.  The  least  altered  mica  schist  from  the  southern 
end  of  Section  I.  Contains  quartz,  orthoclase,  biotite,  mus- 
covite  ;  a  little  oligoclase,  tourmaline  and  zircon. 

II.  No.  24.  A  much  crumpled,  garnetiferous  mica  schist, 
collected  north  of  the  road  on  Section  1. 

III.  No.  25.  Schist  from  o  on  Section  II.  Contains  biotite, 
muscovite.  quartz,  sillimanite,  garnet  and  very  much  staurolite. 

IV.  No.  37.  Schist  at  the  foot  of  the  contact-wall,  p.  Sec- 
tion II.  Composed  of  biotite,  magnetite,  sillimanite,  cyanite 
and  garnet. 

It  is  not  intended  to  imply  that  the  successive  layers  of  the 
schist  may  not  have  differed  very  materially  in  their  original 
composition.  That  such  was  the  case  is  shown  by  local  varia- 
tion in  the  relative  proportions  of  the  resultant  minerals ;  but 
after  allowing  for  all  such  differences,  there  is  still  a  regular  ' 
and  progressive  series  of  changes  in  the  order  above  indicated 

Seetwn  III. — {q-a  on  the  map.)  This  section  is  like  the 
others  in  showing  a  gradual  and  constantly  increasing  meta- 
morphism  of  the  mica  schist  as  we  pass  from  the  river  bank  at 
y,  up  the  road  which  winds  along  the  hill  about  half  a  mile 
west  of  the  railroad  station.  Its  main  interest,  however,  is  de- 
rived from  the  inclusions  of  the  schist  within  the  massive  rock 
itself.  These  inclusions  differ  very  much  in  size  and  character 
but  they  exhibit  the  extremest  place  of  the  metamorphic  action. 
The  largest  inclusions  are,  as  might  be  expected,  nearest  to  the 
contact.  Here  some  bands  may  be  traced  for  a  himdred  feet 
or  more,  as  though  tlie  molten  rock  had  been  forced  between 
the  schist  strata  without  greatly  displacing  them.  Farther 
within  the  contact  line,  on  the  top  of  the  lull  above  Crugers 
Point,  many  smaller  inclusions  of  various  shapes  and  sizes  may 
be  seen.  They  have  been  quite  fully  described  by  Professor 
Dana,  at  least  so  far  as  their  macroscopic  appearance  goes.* 

These  included  schist  fragments  are  of  great  petrographical 
interest  because  of  the  variety  of  unusual  mineral  aggregates 
which  they  present.  That  these  minerals  are  very  largely  new 
crystallizations  produced  by  metamorphic  action,  is  in  some 
cases  shown  by  their  having  an  arrangement  parallel  to  the 
boundaries  of  the  fragment.  The  accompanying  figure  repre- 
sents the  banding  in  an  inclusion  about  five  feet  long  exposed 
on  a  glaciated  surface  of  the  micadorite,  just  where  the  road 
reaches  the  top  of  the  hill.  Toward  the  right  the  banding 
plainly  follows  the  outline  of  the  inclusion.  Specimens  No. 
30  and  31  were  taken  from  this  inclusion. 

Ascending  the  line  of  this  section  we  came  first  {r  on  the 
map)  to  the  exposure  of  highly  contorted  schist  figured  by 
Professor  Dana.f     A  thin  section  of  this  (No.  5),  cut  across 

*  This  Journal,  III,  xx,  pp.  209-210,  Sept.  1880.        f  Lk)C.  cit  p.  209,  fig.  11. 
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the  grain,  shows  layers  of  varying  composition,  all  however 
filled  with  metamorphic  minerals.  The  original  character  of 
the  mica  schist  with  muscovite,  biotite  and  a  little  tourmaline 
(cf .  No.  21)  is  still  well  preserved,  but  the  grain  in  the  differ- 
ent layers  differs  very  much,  and  in  some  garnet,  and  in  others 
stanrolite  has  been  largely  developed. 


1 


J 


Fig.  1.    Inclusion  of  schist  in  mica-diorite  showing  concentric 
arrangement  of  minerals.    Length  about  five  feet. 

A  short  distance  beyond  this  point  the  schists  give  place  to 
the  massive  mica-dionte,  when  the  inclusions  become  the  ob- 
ject of  special  interest.  These  show  such  a  manifold  variety 
that  haraly  any  two  thin  sections  possess  exactly  the  same  min- 
eral composition ;  still  all  the  specimens  collected  fall  naturally 
into  four  groups  according  to  the  nature  of  their  prevailing 
constituents.     These  groups  are  as  follows : 

Group  1.  Black  inclusions  consisting  mostly  of  pleonaste 
and  corundum. 

Group  2.  Inclusions  consisting  mostly  of  quartz  grains. 

Group  3.  Inclusions  consisting  mostly  of  staurolite  and  green 
mica. 

Group  4.  Inclusions  consisting  mostly  of  margarite. 

Group  1.  The  first  inclusions  encountered  in  following  the 
road  up  the  hill  side  are  the  small  black  ones  disseminated 
through  the  mica-diorite.  They  are  often  arranged  in  rows 
more  or  less  sinuous,  as  figured  in  Professor  Dana's  paper.* 
These  are  represented  by  S^os.  7,  7*  and  29  in  the  University 
collection,  and  by  W  and  Cr.  7  in  Professor  Dana's.  The  micro- 
scope shows  them  to  be  composed  mainly  of  pleonaste  in  octa- 
hearal  crystals.  With  this  is  associated  some  magnetite,  biotite 
and  feldspar.  In  the  densest  of  the  pleonaste  inclusions,  color- 
less corundum  is  very  abundant.  Tnis  is  notably  the  case  in 
No.  29,  where  this  mineral  forms  comparatively  large  and  well- 
developed  crystals.    (PL  VI,  fig.  5.) 

These  isolated  inclusions  of  spinel  and  corundum  are  almost 
identical  with  the  more  extensive  deposits  of  the  same  charac- 
ter occurring  near  the  southern  border  of  the  norite  region 

♦Loc  cit.,  fig.  12. 
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farther  to  the  east,  and  described  at  length  in  a  former  paper  * 
Their  origin  in  both  cases  is  without  doubt  essentis^y  the 
same. 

Group  2.  Certain  of  the  included  masses  in  the  diorite 
higher  up  the  hill  are  composed  mainly  of  quartz.  Noe.  10, 
30  and  31  represent  this  class.  The  quartz  grains  contain  the 
well-known  black,  hair-like  needles  in  greater  perfection  than 
any  which  have  ever  come  under  my  notice.  These  are  often 
arranged  zonally  forming  a  matted  net-work,  as  it  were,  around 
the  principal  axis  of  the  quartz  crystal,  while  the  interior  and 
periphery  are  quite  free  from  them.  Many  other  accessory  min 
€rals  were  observed  in  these  quartz  inclusions.  Thei^  varj 
very  much  in  their  amount  and  relative  proportions.  Those 
noticed  were  magnetite,  pleonaste,  zircon,  apatite,  sphene,  gar- 
net, tourmaline,  muscovite,  green  mica,  biotite,  hornblende  and 
plagioclase. 

Group  3  of  the  inclusions  in  the  diorite  are  principally  made 
up  of  staurolite  and  a  green  mica,  associated  with  a  greater  or 
less  amount  of  sillimanite.  Kepresentatives  of  this  class  are 
found  in  sections  Nos.  9  and  11  of  the  University  collection, 
and  among  those  belonging  to  Professor  Dana,  those  marked 
EW,  EW  1  and  Cr.  8.  The  staurolite  and  sillimanite  possess 
the  same  characteristics  which  have  already  been  described  in 
connection  witli  the  altered  mi<»a  schists.  The  bright  green, 
micaceous  mineral  is  a  member  of  the  chlorite  group,  as  is 
shown  by  its  chemical  behavior;  while  an  optical  examination 
serves  to  more  specifically  identify  it  as  ripidolite  or  clinochlore. 
In  prismatic  sections  it  shows  a  decided  pleochroism  : — 0=green, 
E=light  yellowish  green  ;  absorption  0>  E.  Both  its  refrac- 
tive index  and  its  double  refraction  are  very  weak.  Basal 
cleavage  sections  in  converged  polarized  light  show  a  positive 
interference  figure  with  a  small  optical  angle.  The  monoclinic 
character  is  apparent  from  the  bisectrix  not  standing  quite  nor- 
mal to  the  basal  pinacoid.  Cleavage  flakes  of  a  typical  ripido- 
lite specimen  from  Westchester,  Pa.,  examined  for  comparison, 
yielded  exactly  similar  results. 

There  is  no  doubt  that  this  green  mica  has  been  derived 
from  a  brown  biotite,  for  many  incompletely  changed  crystals 
show  a  gradual  transition  from  the  one  mineral  to  the  other. 
The  specific  gravity  of  the  green  mica  (2*9),  which  is  excep- 
tionally high  for  clinochlore,  is  probably  due  to  the  fact  that  it 
is  still  associated  with  more  or  less  biotite.  Accessory  minerals 
observed  in  the  thin  sections  of  the  inclusions  belonging  to 
Group  3  are  garnet,  tourmaline,  corundum,  quartz,  feldspar, 

*Thi8  Journal,  III,  xxxiii,  p.  194,  March,  ]887. 
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biotite,  magnetite,  and  margarite,  which  latter  mineral  will  be 
particularly  described  under  the  next  group. 

Group  4  comprises  inclusions  which  are  largely  composed  of 
a  micaceous  mineral,  bearing  a  close  resemblance  to  muscovite. 
It  forms  a  confused  aggregate  of  flakes  with  no  regularity  in 
their  arrangement,  and  is  associated  with  varying  amounts  of 
green  mica,  tourmaline,  magnetite,  epidote,  staurolite,  etc. 
Specimen  No.  32,  taken  from  an  inclusion  in  the  mica-diorite 
near  the  head  of  the  Y'oad  leading  up  the  hill  at  Cruger's 
Point  {a  on  the  map),  is  almost  wholly  composed  of  this 
mineral.  Macroscopically  it  bears  every  evidence  of  being 
muscovite,  but  a  careful  examination  shows  that  it  possesses 
several  characteristics  which  are  foreign  to  this  species. 

Under  the  microscope  the  lath-shaped  cross-sections  at  once 
appear  different  from  muscovite  by  their  high  refractive  index, 
which  throws  their  boundaries  and  cleavage  lines  into  high  re- 
lief. Moreover  they  show  between  crossed  nicols  a  distinctly 
inclined  extinction,  varying,  when  measured  against  the  cleav- 
age, from  6®  to  10°.  There  is  also  a  very  frequent  twinning 
parallel  to  the  basal  pinacoid.  The  interference  colors  in  po- 
larized light  are  as  brilliant  as  those  of  muscovite,  but  the  opti- 
cal angle  is  far  too  large  for  that  species.  Measured  in  the  air 
it  gave  a  value  of  114J°,  while  the  limit  for  muscovite  is  70®, 
The  asymmetric  position  of  the  interference  figure  when  exam- 
ined in  a  cleavage  flake  also  indicates  that  the  bisectrix  is  con- 
siderably oblique  to  a  normal  to  the  basal  plane.  The  charac- 
ter of  tne  double  refraction  is,  as  in  the  case  of  muscovite, 
negative. 

The  optical  properties  here  enumerated  are  seen  to  be  inter- 
mediate between  those  of  muscovite  and  the  brittle  micas  or 
chloritoids.  The  same  thing  is  true  of  the  hardness  (3*5-4) 
and  specific  gravity  (31)  of  tne  mineral  here  under  considera- 
tion. All  OT  these  physical  characters,  however,  agree  accu- 
rately with  those  given  by  Des  Cloizeaux*  and  Tschermakf  for 
the  lime  mica,  margarite,  (=Perlglimmer  Germ,^  Emerylite 
Smith)j  which  is  well  known  to  occupy  a  position  between  true 
mica  and  chloritoid.  This  conclusion  is  fully  substantiated  by 
the  following  analysis  (I),  made  by  Mr.  T.  M.  Chatard,  of  the 
U.  S.  Geological  Survey  at  Washington.  The  rather  small 
amount  of  material  for  this  analysis  (0*4212  gr.),  was  obtained 
from  specimen  No.  32  by  as  complete  a  separation  as  possible 
with  the  Thoulet  solution.  A  very  small  proportion  of  black 
tourmaline  still  remained  with  the  powder  analyzed,  which  may 
in  a  measure  account  for  the  rather  high  percentage  of  iron. 

*  Manuel  de  Min^ralogie,  i,  p.  501,  1862. 

f  Die  Glimmergruppe :  Zeitschr.  fur  Erjstallogr.,  ii,  p.  48,  1877. 
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Owing  to  the  small  amount  of  material  the  alkalies  were  not 
determined : 

(I.)  at) 

SiO    32-73  3-2'21 

Al.O, 46-58  48-87 

FeO 5-12  2-50 

CaO 1104  10-02 

MgO      l-OO  0-82 

NaO 1-91 

Li,0 .  0-32 

H,0 4-49  4-61 

100-96  100-76 

Under  (II)  is  griven  for  comparison  an  analysis  of  the  mar- 
garite  from  Chester,  Mass.,  made  by  the  late  Professor  Law- 
rence Smith.* 

The  occurrence  of  margarite  as  a  contact-mineral  in  the 
Cortlandt  schist  inclusions  is  interesting  in  connection  with 
the  occurrence  under  the  same  circumstances  of  corundum, 
with  which  margarite  is  always  associated. 

The  amount  of  margarite  in  the  schist  inclusions  varies  very 
much  in  different  specimens.  In  some  cases  it  forms  a  large 
proportion  of  the  entire  mass,  while  in  others  it  is  associated 
witn  a  greater  or  less  amount  of  the  other  contact-minerals. 
In  this  manner  the  inclusions  classed  in  this  group  grade  insen- 
sibly into  those  of  the  other  groups,  although  it  is  a  notewor- 
thy fact  that  the  margarite  was  not  observed  in  those  particular 
inclusions  in  which  corundum  crystals  were  most  abundant. 
The  microscopic  appearance  of  the  margarite  is  shown  in  Plate 
VI,  figure  6. 

In  many  of  its  features  the  Cortlandt  area  is  quite  uni(jue 
and  yet  it  finds  many  close  analogies  in  certain  regions  which 
have  recently  been  made  the  subject  of  detailed  petrographical 
study  in  Europe.  The  region  which  seems  most  closely  to  re- 
semble the  Cortlandt  area  is  that  so  admirably  described  by 
Teller  and  von  John,  near  Klausen  in  the  TyroLf  Here 
occurs  a  large  eruptive  mass  exhibiting  many  facies  and  closely 
resembling  the  Cortlandt  eruptives  save  in  tne  absence  of  horn- 
blendic  and  peridotitic  types.  The  authoi-s  distinguish :  Norite, 
Quartz-norite,  Norite-porphyrite  and  Quartz-mica-diorite.  In 
many  instances  also  a  monoclinic  pyroxene  is  associated  with 
the  nypersthene  and  enstatite.  The  close  resemblance  of  the 
Klausen  to  the  Cortlandt  area  is  furthermore  increased  bv  the 
contact-i)heiioinena  produced  in  the  adjacent  schists.     These, 

*  This  Journal  11.  xlii,  1886.     Original  Researches.  1884,  p.  120. 

f  Geoloj2:i8ch-petrographische  Beitriige  zur  Keuntniss  der  dioritischen  Gesteine 
von  Klausen  in  Siidtirol.  Jahrb.  der  k.  k.  geol.  Beichsanstalt,  xxxii,  1883,  pp. 
689-684. 
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jgards  actual  contact  and  inclusions,  are  much  alike  at 
ocalities — a  fact  that  has  already  been  noted  by  Pro- 
senbusch.* 

t-phenomena  have  been  so  rarely  studied  in  the  crys- 
bists  that  mention  should  also  be  made  in  this  connec- 
the  unusual  mineral  aggregates  which  were  first 
by  Professor  Lossen  in  the  kersantite  of  Michaelstein 
irz  Mountains.f  These  have  recently  been  carefully 
►y  Dr.  Max  Koch  of  Berlin,:]:  who  suggests,  as  the 
bable  explanation  of  their  anomalous  character,  that 
aetamorphosed  inclusions  of  crystalline  schists.  There 
rtant  individual  differences  between  the  Michaelstein 
andt  inclusions,  but  yet  there  is  sufficient  resemblance 
atructure,  mode  of  occurrence  and  mineral  composi- 
lake  it  certain  that  the  two  belong  to  the  same  general 


B  sake  of  comparison  a  list  of  the  metamorphic  min- 
elusive  of  quartz,  feldspar  and  biotite,  which  are 
to  all),  which  have  been  observed  at  the  three  above 
calities  is  here  appended  : 


Michaelstein. 

Rlausen. 

e, 

sillimanite, 

cyanite. 

andalusite. 

> 

garnet, 
staurolite, 

garnet. 

tourmaline. 

pleonaste. 

corundum. 

le, 

spinel, 
corundum. 

> 

» 

rutile, 

aiiatase, 

ilmenite, 

rutile. 

ilmenite. 

zircon. 

zircon. 

e  (on  contact), 
(on  contact), 

magnetite, 
hypersthene, 

calcite. 

magnetite. 

j  several  undeter- 
(  mined  minerals. 

\ 

apatite. 

►ecies. 

14  species. 

9  species. 

:opische  Phyaiographie  der  massigen  Gesteine.     2d  ed.,  p.  128." 

ache  imd  petrojs^raphische  Beitrage  zur  Kenntniss  des  Harzes.    Jahrb. 

138.  geol.  Landesanstalt  fur  1880. 

•aantite  des  Unterharzes,  [  Theil ,  ib.  fur  1886,  pp.  44-104. 

iter  is  indebted  to  Dr.  Koch  for  an  interesting  suite  of  specimens  illus- 

various  kinds  of  inclusions  found  in  the  Harz  kersantites.     A  study 

)ws  many  points  of  differeuce,  but  nevertheless  a  strong  general  like- 

Gortlandt  inclusions. 
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Lossen  and  Koch  also  mention  cordierite  as  an  abundant 
constituent  in  the  kersantite  of  Michaelstein,  although  this 
mineral  does  not  appear  in  the  inclusions.* 

II.    Contact-metamorphism  in  the  Limestone. 

The  limestone  beds  associated  with  the  gneisses  and  raica 
schists  of  Westchester  County  have  been  carefully  mapped  and 
described  by  Professor  James  D.  Dana.f  They  are  regarded  by 
him  as  belonging  to  the  Green  Mountain  system  and  as  probably 
of  Lower  Silurian  or  Cambrian  age.  Some  of  this  limestone 
appears  within  the  limits  of  Cortlandt  township,  but  it  falls 
within  the  scope  of  this  paper  only  in  so  far  as  it  has  been 
modified  by  the  action  of  the  intrusive  rocks  of  the  Cortlandt 
Series. 

The  western  edge  of  Verplanck  Point,  which  projects  into 
the  Hudson  River  south  of  Peekskill,  is  formed  of  the  Tomp- 
kins Cove  limestone,  so  admirably  exposed  in  the  large  quarries 
on  the  opposite  side  of  the  river.  At  the  southern  end  of  the 
point  the  limestone  is  in  contact  with  the  massive  rocks,  which 
nere  display  in  the  most  unmistakable  manner  the  evidence  of 
their  eruptive  character.  This  fact  is  admitted  by  Professor 
Dana,  although  he  is  inclined  to  regard  the  dykes  there  exposed 
as  softened  or  fused  sedimentary  material  rather  than  truly 
exotic  intru8ives.:|: 

*  At  the  cloRe  of  his  series  of  articles  on  the  Westchester  County  rocks.  Pro- 
fessor Dana  has  very  admirably  summarized  all  the  essential  contact  pbenomena 
displayed  at  Cmger's.  (This  Journal,  III,  xxiL  p  314,  Oct.  1881.)  He  here  al«o 
advances  four  considerations  which  lie  believes  to  be  adverse  to  the  idea  that  tlie 
contact-phenomena  were  produced  by  the  action  of  an  eruptive  rock.  These  con- 
siderations are  briefly  as  follows: 

1.  The  crumpling  of  the  schist  must  have  been  produced  at  the  time  of  its 
metamorphism. 

2.  An  intruded  rock  would  have  been  too  feeble  an  agent  to  produce  this. 

3.  The  increase  of  metamorphism  would  only  have  needed  an  increase  in  tem- 
perature, and  this  may  have  been  caused  by  the  crumpling  of  the  strata. 

4.  Staurolite  and  fibrolite  are  widely  distributed  through  the  mica  schists. 
Evidently  the  meUmiorphism  of  the  oiiginal  rock — whatever  its  character — 

into  a  mica  schist  must  have  takeu  place  at  the  time  of  its  folding  and  crumpling. 
Now  it  is  by  no  means  certain  that  the  forcible  intrusion  of  a  large  body  of 
molten  rock,  far  below  the  surface,  may  not  have  exerted  a  pressure  in  accord- 
ance with  laws  of  hydrostatics  sufficient  to  have  caused  the  local  puckering  to  be 
seen  at  Cruger's.  But  this  does  not  necessarily  have  any  bearing  on  the  ques- 
tion. The  original  rock  may  have  been  crumpled  and  changed  to  a  mica  schist 
by  some  orographic  force,  as  Professor  Dana  thinks  probable,  and  Bubsequentiv 
have  undergone  a  further  con  tact -metamorphism  by  the  agency  of  the  Cortlandt 
eruptives.  The  intrusion  of  the  massive  rock  itself  may  have  been — probably 
was  — ^Ae  result  of  orographic  movements.  This  intrusion  may  or  may  not  have 
caused  the  [nickering,  but  the  progressive  metamorphism  observed  at  Cmger's 
bears  such  a  direct  relation  to  the  contact  line  that  the  conclusion  seems  unavoid- 
able that  at  least  the  mineralogical  changes  above  described  are  directly  due  to 
the  influence  of  the  eruptive  rocks 

f  On  the  Geological  Relations  of  the  Linestone  Belts  of  Westchester  Countr^ 
N.  Y.     This  Journal,  1880  and  1881,  vols,  xx,  xxi»  nil. 

I  This  Journal,  III,  xx,  pp.  200-203  and  216.  Sept.,  1880. 
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Near  the  foot  of  Broadway  in  Verplanck  the  limestone  frag- 
ments occur  imbedded  in  tne  norite  as  figured  by  Professor 
Dana,*  while  just  behind  and  beyond  the  hotel  branching 
dykes  of  the  massive  rocks,  varying  from  a  fraction  of  an  inch 
to  many  yards  in  width,  penetrate  the  limestone  in  different 
directions,  though  in  the  main  they  follow  the  direction  of  its 
bedding.  The  microscope  shows  that  these  dykes  belong  to 
many  different  rock  types,  as  for  instance  gabbro  (Nos.  109, 
111),  mica-hornblende-diorite  (No.  80),  hornblende-diorite  (Nos. 
82  and  83)  and  micadiorite  (No.  81). 

The  metamorphic  action  extends  but  a  small  distance  from 
the  actual  contact,  but  is  always  unmistakable  in  its  nature. 
The  limestone  is  in  almost  all  cases  bleached  and  is  frequently 
rendered  more  coarsely  crystalline.  There  are  new  contact- 
minerals  developed  in  it,  among  the  most  common  of  which 
are  hornblende  and  pyroxene,  both  rich  in  lime  and  of  a  pale 
color. 

In  the  narrowest  dykes,  the  nature  of  the  eruptive  rock  is 
also  considerably  modified.  In  one  of  these  (No.  77),  the 
entire  width  of  the  dyke  (only  one-eighth  of  an  inch)  is  con- 
tained within  the  thin-section.  The  intrusive  material  consists 
of  brown  hornblende,  biotite,  triclinic  feldspar,  apatite  and  an 
abundance  of  a  brightly  polarizing,  uniaxial,  negative,  colorless 
mineral,  which  is  probably  scapoTite.  The  brown  hornblende 
is  concentrated  along  the  edges  of  the  dyke  and  often  stands 
perpendicular  to  its  walls.  The  limestone  beside  the  eruptive 
material  18  highly  crystalline  and  contains  colorless  pyroxene 
and  muscovite. 

In  some  cases,  as  for  instance  in  a  section  of  Professor  Dana's 
collection,  the  metamorphic  action  is  extremely  slight  even 
when  seen  under  the  microscope.  This  particular  section  con- 
tains the  contact  between  a  mica  hornblende-diorite  and  lime- 
stone. The  only  change  in  the  former  is  a  concentration  of 
hornblende  along  the  contact  line,  while  the  limestone  has 
become  slightly  more  crystalline  and  contains  oval  spots  of  ser- 
pentine. 

In  the  cutting  exposed  on  the  West  Shore  Bailroad  at  Stony 
Point,  a  narrow  band  of  limestone  is  seen  "between  the  masses 
of  mica-diorite  and  peridotite,  which,  but  for  this,  come  here 
in  contact.  This  limestone  is  very  crystalline  and  is  filled 
with  minerals  doubtless  derived  from  the  eruptive  rocks. 
There  is  a  pale  pyroxene  (malacolite),  a  light  green  hornblende, 
zoieite,  sphene,  and  quite  abundant  scapoTite. 


At  the  conclusion  of  this  series  of  papers,  it  may  be  advis- 
able to  summarize  the  evidence  in  favor  of  the  eruptive  (igneous) 

♦  This  Journal,  m,  xx,  p.  202,  fig.  5. 
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origin  of  the  massive  members  of  the  Cortlandt  Series ;  this 
can  be  done  as  follows  : — 

1.  The  general  character  of  the  rocks  themselves,  which,  both  in 

structure  and  mineralogical  composition,  agree  with  well 
recognized  eruptive  types. 

2.  The  differentiation  of  massive  rocks  into  facies  which  occupy 

irregular  areas;  i.  e.  there  is  nothing  in  the  alternation  of 
the  different  types  to  suggest  an  originally  sedimentary 
structure. 

3.  Occurrence  of  the  massive  rocks  in  well-defined  dikes 

(a)  in  other  massive  rocks.     Montrose  Point  and  Stony 

Point. 

(b)  in  mica  schist.     Stony  Point. 

(c)  in  limestone.     Verplanck  Point. 

4.  Occurrence  of  angular  rock  fragments  (inclusions)  in  the  mas- 

sive rocks. 

fa)  of  crystalline  schist.     Cruger's. 
b)  of  limestone.     Verplanck  Point. 

5.  Production  of  contact  phenomena  in  the  stratified  rocks  ad- 

joining the  massive  ones: 

(a)  in  crystalline  schists.     Cruger's.     Stony  Point. 

(b)  in  limestone.     Verplanck  Point. 

It  is  probable  that  the  Cortlandt  Area  was  once  the  scene  of 
prolonged  volcanic  activity  from  several  vents.  There  is,  how- 
ever, every  reason  to  suppose  that  the  rocks  now  exposed 
solidified  at  a  considerable  depth  below  the  surface  and  have 
since  been  brought  to  light  by  erosion.     This  is  indicated : — 

1.  By  the  coarse-grained  structure  of  many  of  the  massive  rocks 

themselves,  which   gives  to  them  a  plutonic  rather  than  a 
volcanic  or  superficial  character. 

2.  By  the  absence  of  any  tuff  deposits  or  topographical   resem- 

blance to  volcanoes. 
8.  By  the  presence  of  a  marked  contact  zone,  such  as  is  only  pro- 
duced around  deep-seated  eruptive  masses,  where  the  en- 
closed vapors  cannot  readily  escape. 

The  seat  of  intensest  action  would  seem  to  have  been  near 
the  center  of  Cortlandt  township,  where  norite  is  the  prevail- 
ing rock.  The  most  diverse  types  are  peripheral  in  their  dis- 
tribution, especially  toward  the  west  and  south.  In  these 
quarters  also  occur  frequent  remains  of  the  original  country 
rock  in  the  way  of  bands  of  limestone  or  patches  of  mica 
schist.  These  have  all  suffered  more  or  less  intense  meta- 
morpliism  It  also  seems  probable  that  the  iron  and  emery 
beds  along  the  southern  and  eastern  portions  of  the  massive 
area,  are  to  be  regarded  aS  the  result  of  metamorphic  action 
upon  preexistent  material. 

Petrographical  Laboratory,  Johns  Hopkins  University,  Baltimore,  May,  1888. 
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Explanation  of  figures  in  Plate  YI, 

Fig.  1.  Typical,  unaltered  mica  schist.  River  bank  near  Cniger's  Station  ("/"  on 
the  map),  No.  21.  Section  cut  approximately  parallel  to  the  foliation,  shows 
the  biotite  mostly  in  basal  sections  of  varying  thickness.  Large  flakes  of  mus- 
covite  irreg^ularly  scattered  through  the  field.  Occasional  crystals  of  tourma- 
line and  zircon.  Groundmass  mostly  a  granular  aggregate  of  quartz  with  very 
little  feldspar.     (  x  30). 

Fig  2.  Fibrolitic  schist,  collected  a  short  distance  north  of  the  last  on  the  line  of 
Section  I  (M.  of  Professor  Dana's  collection).  Fibrolite  very  abundant  in  large 
sheaf-like  bundles,  and  also  in  radiating  tufts,  garnet  and  biotite.  Groundmass 
composed  of  coarse  g^ins  of  quartz  with  some  feldspar.     ( x  30). 

Fig.  3.  Staurolitic  mica  schist  (*'  o  "  on  the  map)  No.  25.  Large  crjrstals  of  yellow 
staurolite  with  irreg^ular  boundaries  and  the  usual  quartz  inclusions  at  their 
ctjnter  scattered  through  a  matrix  of  quartz  and  biotite.  Some  fibrolite  in 
radiating  tufls.     (  x  30). 

Fig.  4.  Fibrolitic  schist  from  very  near  the  contact  ("p "  on  the  map)  No.  37. 
Rock  very  largely  composed  of  fibrolite  in  feathery  tufts,  bundles  and  sheaves. 
Matrix  almost  wholly  a  brown  mica.  There  also  occur  in  lesser  quantity 
cyanite,  garnet  and  staurolite.     (  x  30). 

Fig.  5.  Black  inclusion  in  the  mica-diorite  (near  '*  s  "  on  the  map)  No.  29.  Com- 
posed mainly  of  pleonaste  in  small  octahedral  crystals  among  which  are  S(*at- 
tered  larger  crystals  of  colorless  corundum.  Where  the  section  is  sufficiently 
transparent,  feldspar  and  biotite  in  small  quantity  may  be  recognized.     (  x  30). 

Fig.  6.  Inclusion  in  mica-diorite  ("«"  on  the  map)  No.  12.  The  most  important 
constituent  is  margarite  in  colorless  crystals.  Other  minerals  are  g^een  mica 
(ripidolite),  biotite,  quartz,  feldspar  and  magnetite.  Tourmaline  and  epidote 
also  occur  in  these  inclusions,  although  they  are  not  represented  in  the  figure. 
(  X  30). 


Art.  XXVII. — The  Sedentayy  Habits  of  Platyceras  ^   by 

C.    R.    KEYES. 

The  genus  Platyceras  was  founded  by  Conrad*  in  1840  for 
a  Paleozoic  group  of  gasteropodous  shells  "sub-oval  or  sub- 
globose,  with  a  small  spire,  the  whorls  of  which  are  sometimes 
free  and  sometimes  contiguous :  the  mouth  generally  campanu- 
lated  or  expanded."  Hitherto  these  fossil  shells  had  been 
referred  to  the  genus  of  modem  Mollusca  Cap^ilus^  proposed 
by  Monfortf  in  1810.  Conrad's  name,  however,  for  tliis  fossil 
group  was  not  until  within  the  past  few  years  generally 
accepted,  preference  having  been  given  by  most  European 
writers  and  also  by  some  American  authors  to  Acroculta  of 
Phillips,:!:  notwithstanding  the  fact  that  the  type  of  Phillips's 
genus  was  a  typical  form  of  Platyceras,  Although  the  forms 
of  this  genus  present  so  few  classificatory  characters  of  definite 
specific  value  more  than  three  hundred  species  have  been 
described — over  one-half  of  which  are  from  America.     In  this 

fenus,  afi  in  many  other  Paleozoic  genera,  numerous  species 
ave  been  based  not  on  any  apparent  distinctive  character,  but 
seemingly  simply  on  their  occurrence  at  different  geological 

♦  Ann.  Rep.  Pal».  N.  Y.,  p.  205.  f  Conch.  Syst,  voL  ii. 

%  Palffi.  Fobs.  Cornwall,  etc.,  1841. 
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horizons  ;  and  this  has  given  rise  to  the  establishment  of  many 
species  which  are  unquestionably  invalid.  The  synonymy  of 
the  species  of  Platyceras  when  fully  worked  out  will  doubt- 
less result  in  quite  an  extensive  numerical  reduction  of  the 
species.  In  the  absence  of  better  defined  characters  for  specific 
distinction  considerable  importance  has  been  attached  to  the 
configuration  of  the  peristome,  but  even  this  character  in  the 
majority  of  the  species  of  this  genus  now  appears  to  have  little, 
if  any,  classificatory  value.  A  careful  comparison  of  a  large 
series  of  different  species  of  Platyceras  reveals  the  fact  that 
the  apertural  margin  in  various  specimens  of  the  same  species 
often  presents  considerable  variation  :  a  phenomenon  not  to  be 
entirely  unexpected  in  a  group  so  closely  allied  to  the  modem 
Vapulus^  from  which  some  writers  even  now  question  the  pro- 
priety of  generically  separating  Platyceras,  Among  the  living 
CalyptrceidcB  it  has  been  observed  that  both  color  and  form  are 
to  a  great  extent  dependent  upon  individual  environment,  and 
hence  among  forms  of  the  same  species  there  may  be  many 
varietal  phases.  It  has  further  been  noted  that  the  majority 
of  the  members  of  this  family  attach  themselves,  while  yet 
quite  young,  to  stones  and  shells  of  other  Mollusca  and,  having 
once  found  a  suitable  situation,  seldom,  if  ever,  remove  from 
the  spot  where  they  first  settled.  The  character  and  contour 
of  the  surface  on  which  they  have  settled  would  therefore 
determine  the  form  and  outline  of  the  apertural  margin.  The 
sedentary  habits  of  the  modern  representatives  of  this  group  of 
Mollusca  would  be  suggestive  of  analogous  habits  among  their 
fossil  congeners.  Notwithstanding  the  cotnparative  abundance 
of  Platyceras  in  some  of  the  Paleozoic  strata  of  both  this 
country  and  Europe  direct  paleontological  evidence  of  the 
sedentary  habits  of  this  group  is  not  often  met  with ;  yet  the 
instances  presented,  independent  of  their  bearing  upon  Plasty- 
ceras,  are  of  unusual  significance  as  furnishing  a  solution  to 
certain  important  morphological  problems  relative  to  the  pale- 
ozoic crinoids.  From  time  to  time  paleontologists  have  ^men- 
tioned  the  occurrence  of  Platyceras  attached  to  crinoids,  and 
numerous  explanations  have  been  advanced,  but  it  was  not 
until  1873*  that  the  probably  correct  solution  was  given.  A 
discussion  of  the  various  explanations  offered  prior  to  this  date 
is  not  necessary  since  some  of  them  have  been  fully  considered 
by  Meek  and  Wortlien,f  who  have  also  pointed  out  clearly  the 
improbability  of  the  claims  of  the  Austins;]:  in  their  elaborate 
and  highly  imaginary  account,  and  others,  that  the  crinoids 
perished  while  in  the  act  of  devouring  the  Platyceras.  Not 
only  is  this  view  highly  improbable  but  its  absurdity  is  only 
too  manifest  when  the  character  of  the  food  of  both  these 

*  Geol.  111.,  vol.  7,  p.  334  et  seq.       \  Loc.  cit.       %  R©oeiit  and  Fossil  Orinoidea. 
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Dpods  and  their  associated  erinoids  is  taken  into  consider- 
for  there  was  presumably  no  very  great  difference  in  the 
of  the  living  and  their  closely  allied  fossil  species.  And 
nown  that  living  erinoids  subsist  chiefly  upon  animalcules 
icroscopic  plants,  and  that  the  food  of  most,  if  not  all,  of 
dyptrcBidAB  is  of  a  similar  nature. 

J  extensive  crinoidal  collections  of  Mr.  Charles  Wachs- 
contains  numerous  examples  of  paleeocrinoids  with 
ed  Platyceratu^  an  examination  of  which  has  fully  and 
ctorily  corroborated  many  of  the  observations  of  Meek 
jTorthen.  The  species  examined  were  chiefly  Arthroa- 
I  punctobrachiata  Williams,  OUacinnus  tuherostts  Lyon 
assidy,  O.  typus  Hall,  Platycrinus  hemisphericua  Meek 
Torthen,  Physetocrimts  ventricosuft  Hall,  Acfinocrinus 
It  will  be  noticed  that  in  the  genera  to  which  the  first 
)ecie8  belong  the  vault  is  very  much  depressed  or  almost 
d  the  ventral  aperture  is  a  simple  opening ;  while  in  the 
mus  the  ventral  opening  is  situated  at  the  extremity  of  a 
iged  '"proboscis."  In  nearly  every  case  observable  the 
ceras  completely  covers  the  opening  in  the  vault  and  this 
as  led  many  of  the  earlier  writers  to  suppose  that  the 
i^was  feeding  upon  the  Platyceras  when  it  perished;  it 
30  suggested  that  the  Platyceras  may  have  fed  in  part  at 
ipon  the  excrementitious  matter  from  the  crinoid.  In 
Lse  of  Actinocrinus^  the  Platyceras  was  attached  to  the 
at  the  base  of  the  "  proboscis,"  and  was  nearly  hidden 
new  by  the  arms  of  the  erinoids.  Meek  and  Worthen . 
jointed  out*  and  it  is  clearly  observable  in  nearly  all  the 
)les  examined,  that  the  attachment  of  Platyceras  to  the 
8  species  of  erinoids  is  not  the  result  of  accidental  pres- 
ent that  it  was  actually  attached  during  life,  as  is  shown 
5  sinuosities  in  the  lip  of  Platyceras  corresponding  ex- 
;o  the  irregularities  of  the  surface  to  which  the  shell  was 
ed.  Of  the  Crawfordsville  species  Platycrinus  hemi- 
Cits  and  OUacrinus  tyherosxts  when  having  Platyceras 
ed,  Platyceras  infundibuluni  M.  and  W.  is  usually 
ited  with  the  former  and  P,  asquilatera  with  the  latter. 
B  absence  of  direct  proof  to  tne  contrary  this  has  led 
and  Worthen  to  suggest  that  "  it  is  worthy  of  note  that 
ways  a  sub  spiral  Platyceras  that  we  find  attached  to  this 
\  {O,  tuherosus)  so  that  here  at  least  it  would  seem  that 
f  these  erinoids  has  its  own  particular  species  of  Platy- 
'  The  recent  examination  of  an  extensive  series  of  both 
jse  species  has  disclosed  in  a  number  of  instances  the 
ence  on  Platycrinus  kemispheri<ms  of  Platyceras  (Bquir 
instead  of  the  more  common  Platyceras  infundihulum  ; 

♦  Geol.  lU.,  voL  iii,  p.  386. 
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and  tliis  would  appear  to  be  indicative  of  an  accidental  selec- 
tion by  the  Platyceras  for  attachment  to  any  particalar  crinoid, 
rather  than  eacli  erinoidal  species  possessing  its  own  particular 
species  of  Plaiyi-eras.  The  latter  case  would  be  soggestive  of 
tne  PlatyceroH  being  more  or  less  parasitic  in  its  habits,  which 
in  reality  it  doubtless  was  not. 


Art.  XXVIII. — On  Edisonite^  a  fourth  form  of  Titanic  acid; 

by  W.  E.  Hidden. 

The  original  specimen  of  the  mineral  here  described  was 
discovered  by  the  writer  in  the  summer  of  1879,  at  the  Whist- 
nant  Gold  Mine,,  in  Polk  Countv,  North  Carolina.  It  was 
found  in  the  concentrations  of  placer  washings  and  was  asso- 
ciated with  gold  and  well-preserved  crystals  of  zircon,  xeno- 
time,  monazite,  rutile  and  a  dozen  or  more  commoner  min- 
eral species.  The  orthorhombic  symmetry  of  the  mineral  was 
early  noticed,  but  I  was  unable  to  decide  which  direction  to 
make  the  vertical  axis  of  the  crystal  Referring  to  nay  note- 
book I  lind  two  sketches  made  from  this  specimen.  Figures 
1  and  2  are  copies  made  from  these  drawings.  The  &gles  I 
then  obtained  were  unsatisfactory,  being  made  with  a  hand 
goniometer,  yet  they  served  to  prove  the  orthorhombic  char- 
acter of  the  crystal ;  these  angles  are  given  below.  The  other 
characters  of  the  mineral  noted  are  as  follows  :  Cleavages  par- 
allel to  three  forms  or  six  cleavage  planes  in  all.  Fracture 
small  conchoidal.  Hardness  about  6  (scratches  glass) ;  specific 
gravity  =4*26.  Luster  resinous  to  adamantine.  Color  bronze- 
yellow  to  golden  brown.  Streak  yellowish  white.  Insoluble 
m  acids.  Unchanged  before  the  blowpipe  with  soda ;  but 
with  borax  gives  a  brownish  bead  much  like  the  color  of  the 
original  mineral. 

The  above  comprises  all  the  results  obtained  on  the  specimen 
up  to  1880,  when  I  sent  part  of  it  to  Professor  DesCloizeaux, 
for  careful  measurement  of  angles  and  chemical  examination., 
A  letter  from  him,  dated  May  8th,  1886,  contained  the  fol- 
lowing information ; 

" ....  In  regard  to  the  '  unknown  substance,'  after  having 
made  a  careful  examination  I  have  found,  with  a  new  objec- 
tive and  a  new  illuminator  of  the  Bertrand  microscope,  tnat 
the  mineral  has  but  a  single  optic  axis,  or  two  axes  extremely 
dose,  with  bisectrix  perpendicular  to  the  acute  edge  of  40°. 
This  edge  shows  one  positive  axis  with  cross  divided  with 
difficulty.  My  friend  Damour,  so  skillful  in  determining  small 
quantities,  can  only  find  titanic  acid.  Therefore,  on  account  of 
we  easy  cleavages  following  a^,  less  easy  it  seems  to  me  than 
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those  following  e^  and  of  the  angle  rriAsm  always  varying  some- 
what from  90®  I  incline  to  believe  that  we  have  to  do  with  a 
dimorphous  form  of  rutile I  have  adopted  the  sym- 
bols a^  and  e^  because  in  rutile  the  form  a^  (=3  of  Dana)  is 
unknown  and  it  would  give  with  the  base  an  angle  of  139°  48'. 
It  has  always  been  said  that  dimorphous  bodies  have  very 
closely  related  crystalline  forms  and  we  have  here  an  example 
of  a  very  near  approach  between  the  two  forms.  On  the  frag- 
ments you  have  sent  me  I  notice  that  the  faces  a^  and  e^  differ 
in  color  and  brilliancy.  I  trust  you  will  succeed  in  procuring 
some  new  specimens  of  dimorphous  rutile."* 

I  add  to  my  own  figures  (1  and  2)  and  approximate  angles, 
the  figure  (3)  given  by  DesCloizeaux  and  the  angles  observed 
and  calculated  by  him.     The  axial  ratio  given  by  him  is 

d  :  6  :  c  =  0-99275  : 1 : 0-92887. 

The  only  natural  faces  observed  are  /  and  O  (fig.  1),  the  others 
are  cleavage  planes. 

1.  2.  3. 


Eland  goniometer,  Hidden.        Reflecting  goniometer,  DesCloizeaux. 

Calculated.  Observed. 


I  ^r    =  140*  approx.  =  a\A.a\=  l*©**  34' 


B^B" 

136** 

I  ^m 

ISS** 

m  ^  m"' 

90° 

m^m' 

90° 

B^m 

130° 

r^r 

40° 

140' 

e^  A«i        140°  18' 140' 

a\^m        131°  55' 131* 

m  ^m          90°  25' 90* 

m  A.m          89°  35' 89* 

e^  Am         131°  30' 131' 

a\^a\         39°  26' 38' 


34' 

24' 

49' 

25' 

32-3' 

42' 

52' 


o^ss/,     ei>=sS,    m  =  m,     Faces  of  cleavage. 

Since  Damour  found  only  TiO^,  and  this,  if  correct,  would 
prove  it  to  be  a  fourth  form,  of  this  acid,  I  questioned  the 
result  because  of  its  seeming  improbability.  A  few  careful 
tests  made  by  Mr.  Mackintosh  have  confirmed  the  conclusions 
of  Damour.  Kecently  Mr.  S.  L.  Penfield  has  kindly  under- 
taken a  complete  analysis  of  the  mineral,  and  I  am  happy  to 
be  able  to  add  his  statement  of  the  very  satisfactory  results 
obtained.    Mr.  Penfield  says : 

"  The  specific  gravity,  taken  with  great  c^re  on-  0'165  grams 
of  the  mineral,  was  4*285.     Owing  to  the  scarcity  of  material 

*  A  notice  giving  the  above  results  was  published  by  Professor  DesCloizeaux 
at  the  time.    Bull  Soa  Mm.,  vol.  iz,  No.  5. 
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only  0*0770  grams  were  used  for  the  chemical  analysis.  In 
order  to  determine  how  much  reliance  could  be  placed  on  an 
analysis  made  upon  so  small  a  quantity  an  equal  weight  of 
rutile  was  analyzed  by  exactly  the  same  method,  and  it  may  be 
said  here  that  the  behavior  of  the  two  was  exactly  similar 
throughout.  The  method  of  analysis  was  as  follows:  The 
finely  powdered  mineral  was  decomposed  by  fusion  with  acid 
sulphate  of  potash.  The  solutions  in  water  which  were  turbid, 
were  treated  with  strong  hydrochloric  and  a  little  sulphuric 
acid,  evaporated  to  dryness  and  heated  till  all  the  hydrochloric 
acid  was  driven  off ;  when  treated  again  with  water  the  solu- 
tions were  perfectly  clear ;  they  were  diluted  to  a  volume  of 
500  c.  c,  a  solution  of  SO,  in  water  added  to  reduce  any  iron, 
and  then  boiled  for  an  hour  and  a  half,  replacing  the  water  as 
it  evaporated.  The  precipitated  TiO,  was  allowed  to  settle  and 
was  then  filtered  and  washed.  The  oxide  ignited  over  a  blast 
lamp,  lost  nothing  by  further  ignition  with  ammonium  car- 
bonata  The  filtrate  was  evaporated  to  small  bulk,  the  iron 
oxidized  with  nitric  acid  and  ammonia  added  in  excess ;  this 
caused  a  slight  precipitate,  which  in  the  rutile  was  light  colored 
and  after  weighing  gave  with  the  borax  and  salt  of  phosphorus 
beads  chromium  reactions ;  in  the  edisonite  it  was  red  and  gave 
iron  and  probably  titanium  reactions.   The  results  are  as  follows: 

Rutile.  Edisonite. 

TiO,  precipitated  by  boiling '0756  '0744 

Trace  of  oxide  from  the  filtrate -0022  -0033 

Loss  on  ignition '0002  -OCjOI 

•0780  -0778 

Weight  of  mineral  taken -0780  '0770 

These  results  show  that  the  edisonite  is  a  nearly  pure  TiO, 
like  rutile.  The  only  other  constituent  that  could  be  detected 
was  a  trace  of  iron.'' 

Careful  search  at  the  above  locality,  since  the  finding  of  the 
above  described  specimen,  has  failed  to  bring  to  light  more 
than  one  additional  example,  and  that  a  minute  one  &und  last 
summer ;  the  writer  thinks  however,  he  lias  lately  identified  this 
mineral  on  the  Pilot  Mt.  in  Burke  Co.,  N.  C,  with  the  same 
associations.  ' 

Since  the  composition  of  this  mineral  is  thus  proved  to  be 
pure  titanic  oxide,  and  since  the  crystallization  seems  to  distin- 
guish it  from  the  tliree  forms  of  TiO^  already  known,  the  min- 
eral must  be  regarded  as  a  new  one  and  suniciently  character- 
ized to  merit  a  name.  I  therefore  propose  for  it  the  name 
Edisonite^  after  Mr.  Thomas  Alva  Edison,  through  whose 
generosity  the  journey  was  made  on  which  this  mineral  was 
found,  and  also  because  of  his  always  ready  interest  and  help 
toward  scientific  research. 
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Art.  XXIX. — On  two  new  masses  of  Meteoric  Iron;  by 

George  F.  Kunz.    With  "Plate  Yll. 

1.  Meteoric  Iron  from  LinnviUe  Mountain,  Burke  Go,,  North 

Carolina. 

A  MASS  of  meteoric  iron*  was  found  on  Linnville  Mountain, 
Burke  Co.,  N.  C,  (long.  81°  35'W.  of  Greenwich,  lat.  35°  40'  N.), 
about  the  year  1882.  It  was  handed  to  a  country  blacksmith  in 
the  vicinity  who  sold  it  to  a  tourist  miner,  and  by  him  it  was 
sold  to  Mr.  Norman  Spanff,  of  Etna,  Pa.,  who,  not  being  a  col- 
lector of  meteorites,  has  kmdly  allowed  it  to  come  into  my  pos- 
session. 

This  meteorite  weighs  428  grams ;  the  original  weight  was 
442  grams  (15^  ounces),  the  balance  having  been  used  for  an- 
alysis and  for  etching;  it  is  2^  inches  (65™°*)  long,  1^  inches 
(35°*"")  high  and  2i  inches  (38°*™)  wide.  One  side  is  rather 
rough  and  the  other  pitted  with  very  shallow  pittings.  Traces 
of  the  black  crust  of  magnetic  oxide  of  iron  are  still  visible, 
and  although  the  mass  is  not  rusted,  yet  small  drops  of  chlo- 
ride of  iron  have  collected  in  the  deep  clefts,  and  in  one  of 
them  was  found  a  spider's  egg  case,  suggesting  either  that  the 
iron  is  a  recent  fall  or  had  been  found  on  the  surface  of  the 
ground.     See  figure  1  on  Plate  VII,  natural  size. 

In  cutting  a  piece  from  the  lower  side,  the  blacksmith  has 
destroyed  considerable  of  the  surface  as  well  as  the  crust,  on 
account  of  the  toughness  of  the  iron.  The  iron  admits  of  a 
very  high  polish,  yielding  a  rich  nickel  color,  which  under  the 

flass  and  by  reflected  light,  shows  an  apparent  network  of  two 
istinct  bodies. 
When  bromine  water  or  diluted  nitric  acid  is  applied  to  a 
polished  surface  of  the  iron  it  blackens  and  does  not  show  the 
Widmanstatten  figures.  See  figure  2  on  Plate  VII  magni- 
fied two  diameters.  If  this  black  deposit  is  washed  oflf  an 
orientated  sheen  appears  which  resembles  that  of  the  Green 
County  iron  described  by  Blakef  and  the  iron  in  the  Port 
Orfora,  Oregon,  meteorite,  as  figured  by  Brezina  and  Cohen 
in  "Die  Structur  und  Zusammensetzung  der  Meteoreisen, 
etc.":t  Almost  the  entire  surface  has,  under  the  glass,  the 
appearance  of  a  meshwork  of  which  the  irregularly  rounded 
centers  have  been  eaten  out.  At  a  few  places  on  both  sides  of 
a  crack  is  a  small  piece  of  troilite  3°*°*  by  1^"°*,  through  which 
are  scattered  small  patches  of  meteoric  iron  that  after  etching 

*  Exhibited  at  the  New  York  Academy  of  Sciences,  Dec.  5tli,  1887. 
f  This  Journal,  III.  vol.  xxxi,  p.  41. 
X  Stuttgart,  1876,  Liefening  t  Tafel  VI. 

Ax.  JouB.  Sol— Third  Sebies,  Vou  XXXVI,  No.  213.— Oct.,  1888. 
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exhibit  beautiful  octahedral  markiugs  so  delicate  as  to  be  in- 
visible to  the  naked  eye,  and  somewhat  like  those  of  the  Taze- 
well, Claiborne  Co.,  meteorite,  though  not  more  than  one-tenth 
the  thickness. 

The  following  analysis  was  kindly  furnished  by  Mr.  J. 
Edward  Whitfield,  of  the  United  States  Geological  Survey, 
through  the  courtesy  of  Prof.  F.  W.  Clarke. 

Linnville.        Tazewell,*      Bear  Creek,! 
Whitfield.  Smith.  Smith. 

Iron 84-56  83*02  83-89 

Nickel 14-95  14-62  14-06 

Cobalt 0-33  0-50  0*83 

Copper 0-0  006  trace 

Sulphur 0-12  0-08               

Carbon trace  

Phosphorus "  019  0-21 

Magnesium 0*24              

Silica none  0-84              


99-96 


9.9-57 


98-12 


It  most  closely  resembles  the  Tazewell,  Claiborne  and  Bear 
Creek,  Col ,  meteorites  in  composition.  I  herewith  take  pleag- 
ure  in  thanking  Mr.  Norman  Spang  iof  his  kindness  in  allow- 
ing  me  to  secure  the  irop  and  facts  of  finding,  Mr.  J.  Edward 
Whitfield  and  Prof.  F.  W.  Clarke  for  the  aniuysis. 

2.  Meteoric  Iron  from  Laramie  County^  Wyoming, 

The  Laramie  County  mass  of  meteoric  iron:f  was  found 
by  Mr.  Edward  J.  Sweet,  in  the  latter  part  of  January,  1887, 
while  he  was  prospecting  in  the  Silver  Crown  District,  almost 
in  the  center  of  town  14,  range  70,  between  the  middle  and 
south  fork  of  Crow  Creek,  Laramie  County,  Wyoming  Terri- 
tory, about  21  miles  west  of  Cheyenne,  in  long.  105°  20'  west 
of  Greenwich  and  north  lat.  41°  10'.  When  found  it  was  half 
buried  in  decomposed  granite  and  earth.  After  being  a  ten 
days'  wonder  among  the  miners  at  the  camp  it  was  £ent  to  Dr. 
Wilbur  C.  Knight,  of  Cheyenne,  Wyoming,  through  whom  it 
came  into  my  possession. 

In  shape  this  mass  somewhat  resembles  an  anvil  (see- fig.  3, 
two-thirds  natural  size).  It  weighs  25'61  lbs.,  363  oz.  Troy 
(11-616  kilos.)  ;  and  is  17-5'°^  high,  14°°  thick  at  the  center  and 
19^  at  the  widest  point.  The  entire  surface  is  still  covered 
with  the  original  crust  of  magnetic  oxide  of  iron,  which  has 
been  slightly  acted  upon  by  the  atmospheric  agencies.  No 
trace  of  chloride  of  iron  was  perceived.  There  is  no  exuda- 
tion although  it  has  been  in  my  possession  some  months.    The 

♦Original  Researches,  1884,  p.  439.  f  This  Journal,  II,  toI.  xix,  p.  153. ^ 

X  Exhibited  and  described  at  the  New  York  Academj  of  Scienoee,  Dec.  5, 1887. 
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surface  is  iiregnlarly  pitted,  the  largest  of  the  pits  being  3^ 
\yj  2*^  and  very  deep  for  their  size.  No  troilite  was  observed 
either  in  the  cutting  or  in  the  pitting.  This  iron  is  one  of  the 
Brannite  group  of  Meunier. 

When  etched  with  dilute  nitric  acid  this  iron  does  not  show 
the  Widmanstatten  figures,  but  under  the  glass  the  markings 
are  seen  to  be  similar  to  the  Braunau  Hauptmanndorflf  iron  &- 
scribed  by  Tschermak*  and  Huntington,f  (see  figure  4\  This 
beautiful  structure  is  broken  only  by  the  thin  layers  oi  schrei- 
bersite,  which  divide  a  surface  25™°^  square  into  over  twenty- 
five  irregular  crystalline  parts. 

The  specific  gravity  is  7*630.  The  following  analysis  was 
kindly  made  by  Mr.  Howard  L.  Mcllvain: 

Silver  Crown.  Rowton4  Charlotte,  §         Jewel  Hill,| 

Flight.  Smith.  Smith. 

Iron 91-67  91-25  9115  91-12 

Nickel 8-31  8-582  805  782 

Cobalt trace  0-371  0*72  0*43 

Phosphorus..  -07  .,..  0*06  0-08 

Carbon trace                       

99-95  99-98  99  45 

It  approaches  more  closely  to  the  Rowton,  Charlotte  and 
Jewel  Hill  meteorites  in  composition. 

I  take  pleasure  in  thanking  Dr.  Wilbur  C.  Knight  for  assist- 
ance in  securing  the  iron,  and  Mr.  Howard  L.  Mcllvain  for 
the  analysis. 


Abt.  XXX. — Experiments  an  tlie  Effect  of  Magnetic  Force 
on  the  Equipotential  Lines  of  an  Electric  Current  /  by  E. 
H.  Hall,  Assistant  Professor  of  Physics  in  Harvard  College. 

[Continued  from  the  August  number  of  this  Journal,  p.  146.] 

The  next  to  the  last  column  in  this  table  (August  number) 
shows  that  the  intensity  of  magnetic  induction  in  tne  thin  cross 
remains  throughout  very  nearfy  the  same  as  that  of  the  mag- 
netizing field,  but  the  intensity  of  magnetic  induction  in  the 
thick  cross,  about  If  times  as  great  as  tliat  of  the  magnetizing 
field  when  this  is  weakest,  falls  to  a  value  about  1^  times  as 
great  as  that  of  the  magnetizing  field  when  this  is  strongest. 
The  intensity  thus  attained  is  aoout  22000  c.  g.  s.  units,  a  not- 
ably high  one.T" 

*  Sitsungsber.  Akad.  Wiss.,  Wien,  Izx,  Abth.  i.,  p.  449. 

t  Proa  Amer.  Acad.  Arts  and  Scienoes,  May  12,  1886,  p.  478. 

1  Trans.  Royal  Soa,  Feb.  9,  1882.  §This  Journal,  111,  vol.  x,  p.  349. 

Ilbid.,  11,  zzzix,  p.  24. 

%  There  may  be  a  constant  error  of  several  per  cent  in  the  values  of  magnetic 
induction  given  in  this  artide,  as  the  area  of  the  little  test-coil  used  between  the 
poles  of  the  magnet  is  difficult  to  measure  accurately. 
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It  remains  to  give  an  account  of  experiments  with  other 
metals  in  which  the  effect  of  shape  of  cross-section  has  been 
in  some  measure  tested.  With  these  experiments  will  be  de- 
scribed certain  others  closely  related  to  them. 

Cobalt — Wide  and  narrow :  Two  crosses  of  cobalt  were  cut 
from  a  rolled  bar  of  this  metal  furnished  by  thje  courtesy  of 
Mr.  Joseph  Wharton  of  Philadelphia.  In  each  cross  a  line 
which  had  been  transverse  to  the  original  bar  became  the 
direction  of  the  main  current.  The  approximate  dimensions 
were  as  follows : 

Width  of  ThickDess  of  Length  of 

Main  part.        Anns.  effective  part.      Main  part        Arms. 

No.   1  5-0™°'  l-gmra  0-80°""  12"™  2'°'" 

2         <^-5  O'l  0-77  12  5 

These  crosses  were  compared  in  a  magnetic  field  of  intensitj 
about  10700.      The  visible  effect  was  large  and  the  test  was 

easily  made.     The  result  was  ~-^=r — ^  ^r  '  •  =  1'12. 
•^  R.  P.  of  No.  1 

The  question  arose  whether  any  large  part  of  the  superiority 
shown  by  the  narrow  cross  could  be  attributed  to  a  greater 
heating  of  this  cross  by  the  direct  current  Experiment  con- 
vinced me  that  this  was  not  the  case. 

The  R.  P.  of  No.  1  appeared  from  a  rough  test  to  be  about 
4  times  as  great  as  that  of  a  very  thin  cross  of  cobalt  taken 
from  the  same  bar,  and  to  be  described  hereafter.  This  difr- 
crepancy  is  hardly  significant  in  view  of  the  roughness  of  the 
comparison  and  the  uncertainty  as  to  the  thickness  of  the  thin- 
nest cross. 

Thin  cross  ;  field  of  varying  strength  :  A  part  of  the  cobalt 
bar  already  mentioned  was  heated  and  hammered  to  reduce  its 
thickness.  The  reducing  process  was  continued  by  grinding, 
etc.,  until  finally  a  cross  was  obtained,  the  dimensions  of  which 
were  approximately  as  follows : 

Width  of  Lengrth  of 

Thickness.  Main  part.  Arms.  Main  part.        Anns. 

The  value  given  for  the  thickness  is  a  rough  estimation  of 
the  average  thickness  between  the  arms.  It  may  be  wrong  by 
10  or  15  per  cent  in  either  excess  or  defect. 

This  piece  of  metal  was,  like  most  others  that  I  have  used, 
imbedded  in  a  cement  of  bees-wax  and  rosin  on  a  glaas  plate. 
It  was  placed  between  the  poles  of  the  magnet  in  a  narrow 
tank  through  which  water  flowed  to  control  the  temperature 
of  the  metal.  The  character  and  results  of  the  examination 
are  set  forth  in  the  following  table,  where  M  is  the  intensity  of 
the  magnetic  field  in  absolute  units : 
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Date.         Temp.  M.         R.  P.  x  10« 

Aug.  3,  1885   21-9°)   o    795)  .    11440  ) 
"   4   "     22-1°  P^     792  f  ^^^   11680  \^^^^^ 
"   5   *'    22°  )  ««o   1716  ),^„^  11660 


(( 


;;o   \ir    ;:;;!•  1688  jj^^^  lneio 


«  ^  (4 


"   6   "    21-7°  )  ««o   5261  ^,.,^  11670 


11690 
11090 
11240 


\ 
\ 


11680 
11170 


"   &   "     2-9°        1687  10940 


he  main  current  through  the  cross  was  always  about  0*1  abso- 
Lte  unit. 

The  two  determinations  of  M  on  Aug.  7  were  not  entirely 
idependent,  they  being  made  from  three  sets  of  observations, 
:  which  the  second  set  was  used  with  the  first  to  give  the  first 
ilue  of  M  and  again  with  the  third  to  give  the  second  value 
:  M.  The  one  test  at  a  low  temperature,  2*9**,  was  probably 
ss  reliable  than  the  others. 

The  fall  of  R.  P.  with  fall  of  temperature  appears  to  be 
)out  \  per  e-ent  per  1®  C. 

The  increase  in  the  R.  P.  column  in  fields  ranging  from  793 
\  5243  is  perhaps  purely  accidental.  The  small  but  decided 
Jl  in  going  from  tne  field  5243  to  the  field  9186  undoubtedly 
lows  a  true  decline.  The  significance  of  this  decline  should  not 
3  overlooked.  The  intensity  of  magnetic  induction  through 
lis  very  thin  piece  of  metal  must  in  all  cases  have  been  al- 
lost  exactly  as  great  as  that  of  the  magnetizing  field.  Hence 
le  decline  in  the  R.  P.  as  the  intensity  of  the  field  increases 
leans  a  failure  of  the  transverse  effect  in  the  cobalt  to  keep 
ice  with  the  intensity  of  magnetic  induction  through  the 
.me. 

In  this  Journal  for  February,  1885,  I  gave  as  the  R.  P.  of 
)balt  2460x10"',*  with  a  fall  of  nearly  1  per  cent  for  a  fall 
:  1°  C.  The  specimen  that  gave  these  values  was  very  diflfer- 
it  in  character  from  that  used  in  the  experiments  of  this  arti- 
e.  It  was  cast  cobalt  and  was  quite  brittle.  It  probably 
>ntained  little,  if  any,  iron,  but  was  known  to  contain  nickel, 
he  specimen  used  in  these  later  experiments  is  known  to  con- 
in  some  iron  and  some  carbon.  I  do  not  know  whether  it 
mtains  nickel.  It  is  Jiarder  than  most  kinds  of  iron,  but  not 
»  hard  as  tempered  steel.  It  is  not  brittle.  Treatment  which 
ould  temper  or  anneal  steel  produced  no  marked  effect 
pon  it. 

The  impurities  of  the  first  specimen  probably  diminished 
3  R,  P.    It  is  not  known  what  effect  the  iron  and  carbon 

*  This  is  the  corrtcUd  value.    See  explanation  in  this  Journal  for  August,  1888. 
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have  in  the  second.  In  view  of  the  great  difference  between 
the  R  P.  of  soft  iron  and  that  of  tempered  steel,  the  latter 
being,  in  some  cases  at  least,  about  four  times  as  great  as  the 
former,  the  difference  in  the  behavior  of  these  two  specimens 
of  cobalt  should  not,  perhaps,  excite  surprise.  • 

An  experiment  was  made  to  determine  how  much  of  the 
effect  produced  upon  the  equipotential  lines  in  this  more 
recently  used  cross  by  a  magnetic  field  of  about  9000  would 
survive  the  removal  of  the  cross  from  the  field.  It  appeared 
that  this  permanent  effect  was  rather  less  than  1  per  cent  of 
the  temporaij  effect  and  in  the  same  direction. 

Nickel. — Thin  Cross ;  field  of  varying  strength  :  The  speci- 
men of  nickel  that  gave  the  quantitative  results  relating  to  this 
metal  which  I  have  published  in  previous  papers,  was  a  piece 
of  commercial  nickel  plating  stripped  from  the  surface  upon 
which  it  had  been  electrolytically  deposited.  I  had  now  at 
hand  a  thin  sheet  of  rolled  nickel  quite  different  in  character 
from  this  specimen,  much  softer  aiid  more  pliable.  Little  is 
known  concerning  the  purity  of  the  first  specimen.  The 
second,  which  like  the  cobalt  bar  already  mentioned  was  given 
me  by  Mr.  Wharton,  is  probably  much  the  purer  of  the  two, 
although  it  shows  a  trace  of  iron.  The  thickness  is  about 
Q.gmm  From  this  sheet  a  cross  was  made,  of  which  the  dimen- 
sions were  approximately  as  follows : 


Tliickness 
between  Arms. 

.Q9(jmra 

Width  of 
Main  part.      Arms. 

Length  of 
Main  part.     Arms. 

With  this  cross : 

Date. 

Aug.  12,  1885 
Aug.  12,  1885 
Aug.  13,  1885 

Temp.                      M. 

22-4°)          o     3595^ 
22-6°  )                3533 
22-4'' 

R.  P.  xlo^ 

9152                         -5 

The  direct  current  through  the  cross  was  about  0*1  absolute 
unit. 

It  appears  that  the  R.  P.  of  this  specimen  of  nickel  is  about 
two-thirds  or  three-fourths  as  great  as  that  of  the  piece  pre- 
viously used,  but  the  uncertainty  which  exists  regarding  the 
thickness  of  each  prevents  any  accurate  conclusion  upon  this 
point.  The  diminution  of  R.  r.  when*  M  increases  from  mod- 
erate values  to  higher  values  is  very  marked  in  each.  It  is 
somewhat  greater  in  the  later  specimen  than  in  the  earlier,  in 
which  there  was,  according  to  the  experiments  of  1881,  a  fall 
from  about  12500  with  M  =  3600  to  about  8400  with  M=9100. 
This  diminution,  like  that  noted  with  the  thin  cobalt  and  in 
certain  cases  with  iron,  indicates  a  failure  of  the  transverse 
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eflEect  to  increase  proportionally  with  the  magnetic  induction 
through  the  metal.* 

As  with  the  thin  cross  of  cobalt,  so  with  this  thin  cross  of 
nickel  an  endeavor  was  made  to  detect  a  permanent  rotation  of 
the  equipotential  lines  by  a  magnetic  field  of  about  9000.  No 
such  permanent  effect  was  discovered.  If  any  existed,  it  was 
probably  less  than  1  per  cent  of  the  temporary  effect. 

Crosses  varying  in  shape  of  cross-section :  Two  crosses  .were 
cut  from  a  commercial  cast-nickel  electrode  and  worked  to  the 
following  dimensions  approximately : 


Width  of 
Main  part.      Arms. 

Thickness 
between  Arms. 

Length  of 
Main  part.    Arms. 

No.  1.. 
No.  2.- 

Amiu               nmm 

..      0-5            0-5 

1  •32'"" 
3-93 

23min         ^mm 

20            6 

The  comparison  of  these  two  crosses  was  very  rough,  as  the 
table  here  given  will  show.  In  this  table  M  signifies,  as  usual, 
the  absolute  intensity  of  the  magnetizing  field ;  Tr.  is  the 
transverse  current,  not  in  absolute  measure,  the  direct  current 
being  supposed  constant  throughout  the  whole  series ;  and  P 
is  the  R  P.,  not  in  absolute  measure. 


No. 

Bate. 

M. 

Tr. 

P. 

I. 

Sept. 

,  26, 

1887 

8300 

652 

104 

u 

i( 

« . 

(( 

5100 

616 

160 

27, 

i4 

r}"- 

420 
457 

1.439 

\ 

161 

188 

u 

(< 

(( 

«< 

2100 

279 

175 

i( 

u 

28, 

(( 

1070 

127 

157 

2. 

a 

26, 

u 

8300 

226 

107 

(( 

4( 

ii 

i( 

5100 

230 

177 

(( 
(( 

27, 

it 

^^^^  I  3330 
3200  f  ^^^^ 

214 
234 

*  224 

1 

243 

287 

u 

(( 

(k 

c< 

2100 

212 

397 

u 

c< 

28, 

(( 

1070 

160 

586 

175 


I 


265 


It  appears  from  this  table,  rough  a^  it  is,  that  in  weak  mag- 
netizing  fields  the  E.  P.  of  No.  2  is  about  four  times  as  great 
as  that  of  No.  1,  that  as  stronger  and  stronger  fields  are  used 
the  R,  P.  of  each  diminishes,  but  that  of  No.  2  so  much  the 
more  rapidly  that  in  a  field  of  8300  the  two  are  nearly  equal 
This  accords  well  with  the  result  of  the  somewhat  similar  tests 
made  with  Norway  iron,  and  in  this  case,  as  in  that,  the  diflfer- 
ence  in  behavior  of  the  two  crosses  appears  to  be  entirely 

*  For  farther  evideoce  upon  this  point,  on  June  28,  1888,  having  laid  upon  this 
nickel  cross  a  single  loop  of  wire,  1  made  tests  similar  to  those  described  in  my 
arUcle  in  this  Journal  last  August  as  haying  been  made  with  two  crosses  of  iron. 
The  magnetizing  forces  used  were  about  5500  and  10000  respectively.  The  result 
was  approximately  as  foUows :  ratio  of  magnetic  induction  through  the  cross  in 
the  two  cases  1*8 ;  ratio  of  transverse  current  in  the  two  cases  I'l. 
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attributable  to  the  greater  ease  with  which  the  thicker  and 
narrow  piece  of  metal  becomes  magnetized 

It  would  appear  from  the  table  as  it  stands  that  the  tbin 
cross  has  a  maximum  E.  P.  when  M  is  something  between 
1070  and  5100,  but  the  experiments  were  so  rough  that  their 
testimony  upon  this  point  is  very  doubtful. 

It  might  also  be  inferred  from  this  table  that  the  actual 
transverse  current  obtained  from  the  thick  cross  had  a  maxi- 
mum value  when  M  was  something  less  than  8300.  This  seemed 
to  me  not  impossible,  but  the  experiments  made  could  not  be 
regarded  as  proving  it.  On  Jan.  6,  1888,  I  returned  to  tbis 
matter  and  tested  the  thinner  of  these  two  crosses  with  mag- 
netizing forces  about  13000  and  19000  c.  g.  s.  units  respec- 
tively. The  transverse  currents  produced  in  these  two  cases 
were  nearly  equal,  whence  I  conclude  that  if  there  is  a  maxi- 
mum value  01  the  transverse  current  for  any  particular  higb 
value  of  M,  this  maximum  must  be  very  obscure.  It  seems  lar 
more  likely  that  the  tranverse  effect  continues  to  increase  with 
M,  although  very  slowly  indeed  when  M  is  verv  great. 

Bis7nuth. — In  the  summer  of  1887,  after  I  had  b^;un  pre- 
parations for  a  more  thorough  study  of  bismuth  than  I  had  yet 
made,  I  was  obliged  to  leave  Cambridge.  Messrs.  Co^eshall 
and  Stone,  of  the  Harvard  class  of  1886,  and  Mr.  W.  C.  oabine, 
of  the  graduate  department,  took  up  the  work  for  me.  Tbev 
sawed  in  two  a  thick  cross  of  ordinarv  commercial  bismuth 
about  28°"?*  long  and  3-6™™  wide,  and  obtained  thus  two  crosses 
of  which  one  was  about  0-86*""  and  the  other  about  3-13°^  in 
thickness.  Their  experiments,  like  those  of  Ettingshausen  and 
Nernst,*  indicate  that  the  K.  P.  of  bismuth  is  independent  of 
the  thickness,  and  show  that  when  the  intensity  of  the  mag- 
netizing field  is  increased  from  4600  to  12000  the  R.  P.  of 
bismuth  falls  off  very  considerably. 

I  have  more  recently  made  some  experiments  with  the 
thinner  of  these  two  crosses.  I  find,  as  did  Ettingshausen  and 
Nenist,  that  magnetization  in  one  direction  may  produce  in 
bismuth  a  greater  transverse  effect  than  magnetization  in  the 
opposite  direction.  This  dissymmetry  appears  from  my  ex- 
periments to  he  very  small,  if  it  exists,  when  the  magnetizing 
Held  is  comparatively  weak,  4500  or  less.  The  experiments 
of  Dec.  31,  1887,  did  not  show  it  hi  a  field  of  8300,  or  plainly 
in  a  field  of  11800,  but  those  experiments  were  less  carefully 
made  than  subsequent  ones  ana  are  entitled  to  less  credit. 
According  to  these  later  experiments  the  dissymmetry  is  well- 
marked  in  a  field  of  8000  or  9000  and  is  still  greater  in 
stronger  fields.     It  was  not  greatly  changed  by  reversing  the 

*  1  have  seen  onlvtliat  abstract  of  their  article  which  appeared  in  the  BeiblaUier 

No.  5,  1887. 
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direct  current  tbrongh  the  cross  or  by  reversing  the  facmg 
direction  of  the  plate  between  the  poles. 

On  Dec.  31,  1887,  observing  the  dissymmetry,  which  I  did 
not  remember  reading  of,  to  be  very  great  in  a  field  of  about 
19000;  I  cut  oflE  the  direct  current  through  the  cross,  and  leav- 
ing the  transverse  circuit  closed,  tried  the  effect  of  the  magnet 
upon  the  cross  in  this  conditioo.  When  the  magnet  current 
ran  in  one  direction,  it  had  little,  if  any,  effect  upon  jthe  gal- 
vanometer in  the  transverse  circuit ;  but  when  it  ran  in  the 
other  direction,  it  produced  a  deflection  more  than  one-half 
as  large  as  the  dissymmetry  which  had  been  observed  and  in 
the  rifi^ht  direction  to  account  for  it.  When  the  transverse 
circuit  was  broken,  the  effect  almost  entirely  disappeared, 
showing  that  the  direct  action  which  the  electro-magnet  ex- 
erted upon  the  galvanometer  was  very  small.  The  poles  of 
the  ma^et  were  about  3™"  apart  in  this  case.  The  plate  bear- 
ing the  bismuth  was  not  pinched  between  them,  but  it  became 
warm  enough  to  soften  the  cement  to  a  certain  degree.  On 
Jan.  4th,  with  the  poles  about  7™"  apart,  the  magnet  had  a 
slight  effect  upon  the  transverse  circuit,  the  direct  circuit  being 
broken,  the  change  of  deflection  produced  by  reversal  being  in 
the  same  direction  as  on  Dec  31.  Whether  this  small  effect 
was  unsymmetrical  was  not  observed.  This  was  after  magnet 
and  cross  had  been  in  use.  At  the  beginning  of  operations  on 
this  day,  while  the  poles  were  about  4™"  apart,  there  was  no 
certain  effect  of  this  sort.  I  have  no  record  of  further  observa- 
tions upon  this  point,  which  certainly  demands  investigation. 
The  deflections  observed  may  possibly  have  been  merely  acci- 
dental, but  I  do  not  think  they  were  so.  In  the  June  experi- 
ments the  poles  were  always  about  7"™  apart  and  wads  of 
cotton  were  placed  between  the  plate  and  the  poles  on  either 
side. 

Ettingshausen  and  Nernst  state  that  the  R.  P.  of  ''  bismuth 
sinks  almost  to  J  ....  ,  when  M  increases  from  1000  to 
16000,"  and  that  in  a  very  strong  field  the  transverse  effect 
actually  diminishes  when  the  field  is  made  stronger.  The  E. 
P.  of  the  specimen  which  I  have  used  diminishes  greatly  as 
M  increases,  but  in  no  case  under  my  observation  has  an  in- 
crease of  M  failed  to  produce  an  increase  of  the  transverse 
current,  due  allowance  being  made  for  casual  discrepancies. 
In  the  following  table  the  column  Tr.  gives  the  relative 
values  of  the  transverse  effects  obtained  with  the  respective 
values  of  M.  The  results  of  Dec.  31,  1887  and  Jan.  4,  1888 
have  been  reduced,  as  nearly  as  may  be,  to  the  scale  of  the 
June  result*  by  making  all  agree  when  M  is  about  10500. 
The  column  following  Tr.  shows  roughly  the  dissymmetry 
which  has  been  described.     The  column  headed  P  gives  the 
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R.  P.,  not  io  absolute  measure.     The  values  of  M  are  in  abso- 
lute measure,  as  usuaL 


Date. 

M. 

Tr. 

P. 

Dec.  31,1887, 

5000 

69-5 

139 

it     (C     (( 
((    ((    c( 

((  it       l< 

<(     «     C( 

8300 
11900 
14700 
19300 

99-  =(50+49) 
125-  =(61-5 +  63-5) 
131-  -(60  +  71) 
147-  —(59  +  88) 

119 
105 

89 
76 

Jan.  4,  1888, 

'  7800 

99-  =(46  +  63) 
134-  =(69  +  75) 
165-  -(67  +  98) 

127 

c(   a   c( 

13200 

101 

CC     ((     (C 

17600 

94 

June  27, 1888, 
**  25,  '' 
'*  26,  " 
"  25,  " 
"  26,  " 

2260 
4600 
8840 
9800 
11900 

34-7  =  (16-9  +  18-8) 
66-  =(33  +  33) 
103-6=(48-3  +  55-8) 
113-  =(51+62) 
128-  =(58  +  70) 

154 
144 
117 
115 
IU7 

It  appears  from  this  table,  which  is  certainly  not  entitled  to 
full  confidence  in  its  details,  that  the  R.  P.  of  bismuth  dimin- 
ishes continually  while  M  increases  from  2260,  the  lowest  value 
used,  to  19300,  the  highest  value  used,  the  decrease  being 
about  one-half  of  the  whole. 

During  the  experiments  in  June  a  single  loop  of  wire 
placed  upon  the  bismuth  strip  was  used,  as  such  a  loop  had 
Deen  used  with  iron,  to  test  tlie  magnetic  induction  through 
the  metal.  This  quantity  remained  throughout  proportional  to 
the  intensity  of  the  magnetizing  field,  as  it  was  expected  to  do. 

In  a  field  of  about  5000  a  test  was  made  in  which  the  direct 
current  was  varied  from  about  '12  to  about  '5  absolute  units. 
The  tmnsverse  current  was  found  to  be  nearly,  at  least,  pro- 
portional to  the  direct  current. 

An  unsuccessful  endeavor  was  made  to  discover  a  permanent 
effect  upon  the  equipotential  lines  in  bismuth.  The  effect,  if 
it  existed,  must  have  been  very  much  less  than  one  per  cent  of 
the  temporary  effect.  The  strength  of  field  used  was  not 
recorded. 

I  have  made  no  attempt  to  determine  the  effect  of  change  of 
temperature  on  the  R.  P.  of  this  metal. 

In  considering  the  fact  that  the  R.  P.  of  bismuth  is  very 
large,  it  should  be  remembered  that  the  R  P.  states  the  ratio 
of  the  transverse  difference  of  potential  to  the  direct  current. 
This  ratio  is  a  useml  one  and  is  easy  to  find,  but  in  order  to 
indicate  the  amount  of  rotation^  or  cnange  of  direction  of  the 
equipotential  lines,  we  need  rather  the  ratio  of  the  transverae 
difference  of  potential  to  the  direct  rate  of  fall  of  potential 
lengthwise  of  the  strip  examined.  Bismuth  has  a  very  great 
electrical  resistance,  and  the  rate  of  fall  of   potential  wich 
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sends  a  given  current  through  it  is  relatively  large.  Thus  the 
R.  P.  01  bismuth  is  perhaps  13000  times  as  great  as  that  of 
gold  and  800  times  as  great  as  that  of  nickel,  but  the  equipo- 
tential  lines  in  bismuth  may  not  be  rotated  more  than  200 
times  as  far  as  those  of  gold  or  more  than  80  times  as  far  as 
those  of  nickel,  in  the  same  magnetic  field. 

SUMMABY. 

Experiments  made  with  strips  of  steel,  having  longitudinal 
slits,  are  in  agreement  with  predictions  made  in  this  Journal 
for  February,  1885. 

The  transverse  current  from  a  very  short  strip  is  smaller 
than  that  from  a  long  strip.  (Already  announced  by  Ettings- 
bausen  and  Nemst.) 

The  table  of  coincidences  given  by  Mr.  Shelford  Bidwell  in 
lis  theory  of  the  "Hall  effect"  is  confirmed  in  the  case  of  cop- 
per, iron  and  zinc,  but  exceptions  to  it  are  found  in  "  French 
jold  rolled  steel "  and  aluminium. 

In  silver  and  bismuth  the  R.  P.  appears  to  be  independent 
)f  the  shape  of  cross-section  of  strips  examined.  (Tnis  con- 
clusion as  to  bismuth  already  announced  by  Ettingshausen  and 
JTemst.) 

In  the  magnetic  metals,  iron,  cobalt  and  nickel,  the  R.  P.  is 
s^reatly  dependent  upon  the  shape  of  cross  section  of  the  speci- 
nen  examined,  being,  in  differently  shaped  pieces  of  a  given 
iietal  in  a  comparatively  weak  magnetic  fiela,  apparently  pro- 
portional to  the  intensity  of  magnetic  induction  through  the 
respective  pieces,  and  therefore  much  greater  when  the  thick- 
ness of  the  piece  is  large  compared  witn  the  width  than  when 
the  opposite  is  the  case.  Therefore,  although  the  mere  pos- 
session of  great  magnetic  permeability  does  not  directly  insure 
X)  a  metal  an  especially  large  R.  P.,  it  may  indirectly  do  so  in 
X  properly  shaped  specimen  by  insuring  intense  magnetization 
From  a  weak  mi^netizing  force. 

In  the  case  of  cobalt  and  of  nickel  there  is  some  evidence 
;hat  the  R  P.  attains  a  maximum  value  at  a  low  or  medium 
$tage  of  magnetization.  (Ettingshausen  and  Nemst  make  a 
dmilar  remark  concerning  cobalt,  iron  and  antimony.) 

When  a  piece  of  iron,  cobalt,  or  nickel  is  made  to  approach 
;he  state  of  "  magnetic  saturation,"  the  transverse  current  ob- 
ained  from  it  increases  somewhat  less  rapidly  than  the  mag- 
letic  induction  through  the  metal,  but  experiments  with  very 
lighly  magnetized  iron  and  nickel  indicate  that  this  transverse 
jurrent  tends  toward  a  fixed  limit  rather  than  toward  a  maxi- 
num  followed  by  a  decline. 

The  R.  P.  of  bismuth  appears  to  diminish  continually  as  the 
Qtensity  of  the  magnetizing  field  rises  from  low  to  very  high 
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values,  bat  according  to  the  experiments  of  this  article  the 
transverse  current  continaes  to  increase  throughout.  (EttingB- 
hansen  and  Nemst  state  that  in  their  experiments  with  bismnth 
the  transverse  current  actually  declined  in  value  when  the 
magnetizing  field  was  made  very  strong.) 

Strong  magnetization  of  bismnth  in  one  direction  prodnoe» 
a  much  ^eater  transverse  current  than  equally  strong  nuigne- 
tization  m  the  opposite  direction.  (This  dissymmetry  is  noted 
by  Ettinffshausen  and  Nemst ) 

A  sb'^t  permanent  rotation  of  the  equipotential  lines  ia 
cobalt  is  proauced  by  magnetization,  the  airection  of  the  effect 
being  the  same  as  that  of  the  temporary  efEect  Nickel  and 
bismuth  were  tested  hastily  in  vain  for  a  similar  permanent 
effect. 

The  cobalt  used  in  the  experiments  of  this  article  has  an 
R  P.  about  4^  times  as  great  as  that  of  the  specimen  previ- 
oudy  used,  and  its  E.  P.  is  relatively  much  less  affected  by 
change  of  temperature. 

Erratum :  The  sign  —  should  be  placed  before  the  R.  P.  of  sUver  in  the  August 
number  of  this  Journal. 


Art.  XXXL — The   Compression  of  Powdered  Solids:    A 

Note  hy  W.  Spring. 

Mr.  Hallock,  in  a  note  inserted  in  this  Journal,*  has  been 
good  enough  to  recognize  that  his  article  entitled  *'  The  Flow 
of  Solids  "  had  through  oversight  been  worded  in  such  a  wav 
as  to  attribute  to  me  the  exact  opposite  of  the  conclusiong  i 
had  drawn  from  my  reseai'clies.  In  effect,  whereas  my  ex- 
periments were  made  in  view  of  determining  whether  certain 
characteristic  properties  of  the  liquid  state,  such  as  the  facultv 
of  welding  together,  etc.,  existed  to  a  more  or  less  minimized  ex- 
tent in  solid  bodies ;  Mr.  Hallock,  on  the  contrary,  thought  that 
the  manifestation  of  these  properties  required  previous  lique- 
faction, 80  that  I  should  have  been  wrong  in  assigning  to  the 
solid  state  some  of  the  characteristic  properties  of  liquids.  The 
experiments  he  has  made  to  verify  this  point  have  shown  liim 
that  matter  does  really  remain  solid  under  strong  compres- 
sion, unless  the  bodies  experimented  with  occupy,  as  is  the  case 
with  ice,  a  smaller  volume  in  the  liquid  than  in  the  solid  state. 
But  in  the  latter  part  of  his  note  Sir.  Hallock  again  takes  up 
the  interpretation  of  my  results  and  objects  that  the  majority 
of  the  phenomena  mentioned  by  me  are  not  due  to  cubic  com- 
pression,  but  rather  to  kneading  under  pressure. 

*  Vol.  xxxvi.  p.  59 
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I  regret  to  be  obliged  to  state  that  this  new  objection  of  Mr. 
lallock's  falls  wide  of  its  mark,  like  the  first ;  this  time  it  is  a 
ase  of  misunderstanding  fortified  by  confusion,  for  he  again 
epeats  exactly  what  I  have  always  asserted  myself.  I  may, 
heref  ore,  be  allowed  to  explain  in  English  this  time,  on  account 
f  the  importance  of  the  subject,  and  to  avoid  a  recurrence  of 
aisinterpretations,  which  simply  mean  a  loss  of  time  and  labor 

0  everyone  concerned. 

When  ten  years  ago*  I  began  my  researches  on  the  compres- 
ion  of  powders  my  sole  object  was  to  ascertain  whether  solid 
todies  possessed  the  property  of  welding  when  their  particles  are 
)ut  in  perfect  contact.  I  desired  to  find  out  whether  the  phe- 
lomenon  of  r^gelation  could  be  generalized,  since  Faraday  had 
ihown  that  contact,  or  an  extremely  slight  pressure,  suffices  for 
ts  production,  contrary  to  J.  Thomson's  view,  who  said  pres- 
iure  was  the  cause  of  the  phenomenon.  To  realize  this  contact 
[  thought  it  would  be  sumcient  to  press  the  bodies  strongly  to- 
gether. To  my  mind,  moreover,  pressure  was  not  an  active 
igent  in  the  matter,  but  only  a  means  to  the  end,  and  I  looked 
for  the  eflfects  to  contact  alone.  I  have  expressed  myself  thus 
tfn  this  point  in  nearly  all  my  articles  and  it  will  therefore  be 
sufficient  to  quote  the  following. 

After  having  recalledf  the  Fact  that  certain  bodies,  such  as 
sodium  nitrate,  become  a  coherent  mass  when  their  powders 
are  left  undisturbed  in  a  bottle  for  a  certain  space  of  time,  and 
that  the  coherence  of  the  mass  depended  upon  contact,  I  said, 
"  now,  to  increase  the  number  of  points  oi  contact  in  a  pow- 
dered body,  it  will  be  sufficient  to  put  it  under  pressure  heavy 
enough  to  cause  the  spaces  between  the  fragments  of  the  body 
to  become  filled  up  with  their  debris." 

In  another  place:^  I  said  with  regard  to  chemical  reaction 
produced  in  my  experiments — "  one  must  not  not  lose  sight  of 
the  fact  that  pressure  is  not  a  chemical  agent  to  the  same  ex- 
tent as  heat  or  electricity."  But  as  I  have  always  thought  that 
contact  was  brought  about  by  compression  I  have  often  for  the 
sake  of  brevity,  spoken  of  '^  welding  due  to presaure^^  instead  of 
always  saying  "  welding  due  to  contact  produced  hy  compres- 
sion.^^  I  now  see  that  I  was  unwise  in  tnus  wishing  to  econo- 
mize my  time. 

Besides,  as  conclusive  proof  that  it  is  always  to  contact  that 

1  assigned  welding  phenomena,  chemical  reactions  and  also  in 
part  the  diffusion  of  solids,  there  is  the  fact  thftt  I  deemed  it 
necessary  to  operate  in  va<mo^  on  account  of  failures  in  prelim- 
inary experiments  made  under  the  ordinary  conditions.    This  is 

*  Bulletin  de  TAcad^mie  de  Belgique,  II,  xlvi,  1878. 

f  Bulletin  de  TAcad^mie  de  Belgique,  II,  xlix,  p.  336,  1880. 

X  Bulletin  de  la  Soci^t^  chimique  de  Paris,  vol.  xli,  p.  497,  1884. 
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what  I  said  on  this  point  in  1880,* — "  so  that  in  my  prelim- 
inary experiments  I  had  not  operated  in  vacuo  and  must  oonse- 
gnently  have  enclosed  a  notable  quantity  of  air  in  the  powdere 
I  compressed ;  this,  besides  preventing  by  its  presence  mtimate 
contact  between  the  particles  of  solid  matter  and  hindering 
their  union,  etc." 

If  a  different  pressure  is  necessary  for  different  bodies,  it  is 
solely  because  all  bodies  are  not  equally  hard  and  not  because 
pressure  is  the  immediate  cause  of  their  welding. 

Better  yet,  in  all  articles  I  have  hitherto  published  on  the 
chemical  reactions  of  powdered  solids  I  have  shown  the  in- 
fluence of  time  on  the  chemical  phenomena,  by  leaving  the 
compressed  bodies  undisturbed  for  more  or  less  time,  and  out 
of  the  compressor.  Here  it  is  evident  that  pressure  had  nothing 
more  to  do,  as  it  existed  no  longer.  Quite  recently  I  sent  an 
article  to  the  Zeitschrift  ftir  Physik  u.  Chemie,  containing 
the  results  of  experiments  of  this  Kind,  which  lasted  four  yean, 
and  showing  how  a  chemical  reaction  can  complete  itself  if  the 
matter  is  aUowed  the  time  for  diffusion.  They  also  explain 
Mr.  Hallock's  results  on  the  formation  of  alloys. 

Finally,  from  a  rational  point  of  view,  there  is  no  reason  for 
assigning  an  active  part  to  pressure  in  the  phenomenon  of  weld- 
ing of  bodies  pure  and  simple,  for  the  act  of  welding  hj  no 
means  brings  about  a  permanent  decrease  in  the  volume  of  the 
matter,  and  from  tliat  moment  it  is  not  conceivable  how  it 
would  possibly  act  otherwise  than  to  establish  as  perfect  a  state 
of  contact  as  possible.  When  Mr.  H.  states  that  welding  takes 
place  better  bv  " motion  under  pressure"  he  is  quite  correct, 
for  then  the  sliding  of  the  grains  on  one  another  is  eminently 
adapted  to  bring  about  perfect  contact,  because  it  expels  inter- 
posed air  and  moisture,  exactly  as  when  clay  is  kneaded  with 
the  lingers. 

We  will  now  consider  another  view  of  the  question,  and  ex- 
amine the  phenomena  in  which  pressure  acts  as  such,  i.  e.  by 
the  diminution  in  volume  it  causes  in  the  matter  operated  on. 

In  ray  experiments  published  in  1880  I  found  that  pressure 
brings  about  changes  of  allotropic  state  in  bodies,  when  the 
least  dense  variety  is  compressed  at  a  certain  temperature.  Tin? 
is  what  pressure  does.  Many  proofs  now  exist  in  favor  of  my 
conclusions.  I  will  confine  myself  to  quoting  the  fine  re- 
searches of  yan't  Hoff  and  Keicher  on  the  shifting  of  the 
transition  point  by  pressurcf  These  works  have  proved,  in 
theory  and  practice,  that  rhombic  sulphur  passes  to  the  mono- 
symmetric  variety  at  95*6°  at  the  ordinary  pressure,  and  at 
96*2®  under  12  atm. ;  in  other  words  12  atm.  pressure  shift 
the  point  of  transition  0*6°.     This  being  the  case  1,552  atm. ' 

♦  Eoc.  cit  t  l^tudes  de  dynamique  chimique,  Amsterdam,  1884,  p.  198. 
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>nld  transform  one  variety  of  sulphur  to  the  other  at  a  tem- 
rature  of  18°.  So  it  is  not  very  astonishing  that  I  arrived  at 
is  result  with  6,000  atm.  pressure,  and  I  acquired  this  fact 
or  years  prior  to  the  works  of  van't  Hoff  and  Reicher. 
Again,  pressure  intervenes  as  such  to  facilitate  phenomena  of 
lid  diffxision,  when  the  volume  of  the  matter  after  diffusion 

smaller  than  that   before  diffusion.     This  I  have  already 
oved  by  numerous  experiments,  and  will  do  so  again  in  some 
have  already  had  in  hand  for  a  long  time. 
Mr.  HallocK  says  on  the  subject  oi  solid  diffusion,  "  I  think 

>  one  would  expect that  a  piece  of  copper  and  tin 

Idered  together  would  diffuse  and  form  a  homogeneous 
•onze;  nor  would  they  expect  that  simple  cubic  staticpressure 
ould  promote  these  reactions."  To  my  mind  Mr.  BL's  opin- 
n  would  be  valid  if  the  resulting  bronze  were 'less  dense  tnan 
le  mixture  of  copper  and  tin,  but  in  the  opposite  case  there 
onld  be  found,  not  a  homogeneous  bronze,  but  an  interpene- 
atdon  of  the  copper  and  tin  at  the  surface  of  perfect  contact, 
hich  would  cease  when  the  difference  in  density  of  successive 
ifinitely  thin  layers,  no  longer  had  too  high  a  value.  This  I 
give  proved  for  the  reaction  between  Na,CO,  and  BaSO^ — 
id  conversely — bv  studying  the  influence  of  time  on  the  phe- 
omenon  and  by  showing  that  after  some  weeks  a  state  of  equi- 
brium  is  set  np  between  the  two  bodies.* 

I  am  aware  tnat  these  results  may  appear  extraordinary,  but 
must  express  myself  categorically,  as  tney  represent  facts.  I 
ill  also  add  that  on  his  side  Mr.  C.  Roberts  Austenf  has  ob- 
lined  the  blue  alloy  of  copper  and  antimony  at  the  surface  of 
>ntact  of  the  metals  under  pressure. 

I  have  neither  exhausted  my  reply  nor  the  subject,  but  I  will 
$t  things  remain  in  statu  quo  at  present,  as  I  think  I  have  suffi- 
iently  shown  that  I  never  attributed  an  active  part  to  pressure 
1  the  welding  of  bodies,  but  that  it  intervenes  as  such  only 
'hen  a  decrease  in  volume  is  necessary  to  produce  a  physical 
r  chemical  change  of  state  at  a  given  temperature,  and  also 
ecause  I  shall  treat  all  those  points  in  detail  when  uniting  my 
jsults  in  book-form,  after  the  termination  of  my  experiments. 

*  Society  chimique  de  Paris,  1884  et  1885. 
f  From  a  letter  of  Mr.  Austen  to  the  author. 
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Art.    XXXII. — Preliminary  Jiotice  of  BeryUonite^  a  nev: 

mineral;  by  Edward  S.  Dana. 

A  FEW  weeks  since  the  writer  received  for  examinadon 
some  specimens  of  a  mineral,  the  identity  of  which  the  linder 
had  been  unable  to  establish.  A  brief  study  made  it  clear  tfiat 
the  mineral  was  new,  and  one  offering  a  number  of  points  of 
more  tlian  usual  interest.  A  complete  account  of  the  minenl 
cannot  be  given  until  two  or  three  months  later,  although  the 
essential  characters  now  known  prove  beyond  a  doubt  that  it 
is  new;  a  preliminary  notice  at  this  time,  therefore,  seems  to 
be  desirable. 

The  specimens  of  the  mineral  in  hand  consist  for  the  most 
part  of  isolated  crystals,  or  parts  of  crystals,  and  broken  frag- 
ments from  the  size  of  a  pea  upwards.  The  largest  crystal 
found  is  nearly  an  inch  across,  and  the  largest  broken  mass  lias 
a  surface  of  1^  X  IJ  inches  and  a  thickness  of  f  inch.  The 
crystals  belong  to  the  orthorhombic  system,  or  if  they  vary  from 
this  the  deviation  is  very  small  They  are  short  prismatic  or 
tabular  in  habit.  They  show  one  highly  perfect  cleavage,  as 
perfect  as  that  of  topaz ;  a  second  nearfy  perfect  but  interrupted 
at  right  angles  to  it  (measured  90°  0'),  a  third  very  imperfect 
corresponding  to  tlie  third  pinacoid  plane  apparently  at  right 
angles  to  the  others,  and  a  fourth,  in  the  zone  of  the  last  two 
corresponding  to  a  prism  of  very  nearly  60°.  Calling  the 
plane  of  perfect  cleavage  the  base,  c^  and  making  the  cleavage 
prism,  m,  the  unit  prism,  the  second  cleavage  is  brachydiagonal 
hy  the  third  macrodiagonal  a.  The  crystals  are  higlily  modi- 
fied :  in  the  prismatic  zone  there  are  seven  prisms  developed, 
the  unit  prism  m^  two  macro-prisms  and  four  brachy-prisras. 
The  niacrodome  zone  is  also  highly  developed,  the  planes  here 
corresponding  v6ry  nearly  in  angle  to  the  several  prismatic 
planes  measured  from  the  same  pinacoid  plane  a ;  in  other 
words,  the  axes  h  and  c  are  nearly  equal.  Only  one  bracliy- 
doine  has  been  noted.  Of  pyramids  tliere  are  upwards  of  ten 
forming  several  prominent  zones.  Many  of  the  crystals  are 
twins  and  sometimes  repeated  twins  with  tne  cleavage  prism,  m. 
of  nearly  60°  as  the  twinning  plane — these  are  contact  twins. 
A  few  examples  have  also  been  noted  of  what  are  apparently 
penetration-twins  having  a  pyramid  in  the  unit  series  and  in- 
clined on  c  about  60°  as  the  twinningplane.  If  we  make  this 
the  unit  pyramid,  j^y  the  approximate  axial  ratio  is  : 

-    I 
d  :  6  :  c  =  O-sr  :  1 :  0-94. 
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The  other  characters  of  the  miDeral  are :  hardness  6'5-6 ;  spe- 
fie  ^^vity  2*84 ;  fracture  conchoidal ;  luster  vitreous  and 
jry  brilliant  especially  on  the  fracture,  except  on  c  pearly ; 
►lor  white  to  colorless  ;  transparent  to  translucent  The  frac- 
re  surfaces  normal  to  c  show  a  columnar  structure.  Before 
16  blowpipe  it  decrepitates  and  fuses  about  3  to  a  somewhat 
ouded  glass,  coloring  the  flame  deep  yellow.  It  gives  color- 
Bs  beads  with  borax  and  salt  of  phosphorus.  No  water  was 
)tained  in  the  closed  tube.  It  dissolves  entirely  in  hot  hydro-' 
iloric  acid,  and  the  crust  of  salts  obtained  on  evaporation 
ves  a  bright  yellow  flame,  but  the  spectroscope  shows  nothing 
it  the  soqium  line. 

A  few  tests  in  the  wet  way  showed  that  the  mineral  was  a 
tiosphate,  sodium  being  present  as  a  base,  and  also  a  metal 
hose  oxide  is  precipitated  by  ammonia.  The  other  experi- 
lents  noted  above  give  important  negative  evidence  of  the 
>6ence  of  most  of  the  other  bases  that  might  be  looked  for. 
.  test  for  fluorine  with  sulphuric  acid  gave  negative  results. 

Since  this  examination  was  made  a  preliminary  analysis  by 
rof.  Horace  L.  Wells,  of  the  Sheffiela  Scientific  School,  has 
lown  the  mineral  to  be  an  anhydrous  phosphate  of  beryllium 
id  sodium,  with  probably  the  formula  NaBePO^. 

A  complete  analysis  will  soon  be  concluded,  and  as  promptly 
\  possible  we  propose  to  give  an  exhaustive  account  of  this 
BW  mineral 

I  would  suggest  the  name  Beryllonite^  in  allusion  to  the 
let  that  it  contains  the  rare  element  beryllium.  The  name  of 
le  gentleman  to  whom  the  credit  of  finding  this  new  mineral 

due,  and  that  of  the  locality,  are  at  his  request  withheld  for 
le  present 
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1.  Infra  red  Solar  Spectrum, — W.  de  W.  Abney  (Phil.  Trans, 
end.,  177,  1886)  with  the  aid  ot*  a  Rowland  concave  grating 
18  improved  his  map  of  the  infra  red  portion  of  the  solar 
)ectrum.  He  employed  a  special  emulsion  of  bromide  of  silver 
I  connection  with  a  coUodmm  emulsion.  Tlie  developer  con- 
sted  of  a  ferrous  oxalate  of  greater  strength  than  that  formerly 
nployed  by  him.  The  amount  of  vapor  in  the  atmosphere  ex- 
cises great  influence  upon  the  length  of  the  infra  red  spectrum 
id  especially  upon  the  group  from  A  to  wave-length  8200, 
our  strong  hues,  X,  (8497)  X,  (8642),  X,  (8661)  and  X,  (8816)'^ 

Am.  Joub.  Scl-— Third  Sebiks,  Vol.  XXXVI,  No.  213.— Oct.,  1888. 
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also  Y  (8986)  <and  Y  (8990)  are  not  telluric  lines  but  Mong, 
according  to  the  author,  to  metals  with  low  melting  points.  The 
catalogue  of  lines  given  by  Abney  includes  690  lines. — BeiUdf- 
ter^  Ann.  der  Physik^  No.  6,  1888,  p.  361.  j.  t. 

2.  Photometry  of  Color, — A  communication  on  this  subject 
was  read  to  the  Physical  Society,  June  28,  by  Captain  Abxbt. 
The  apparatus  consisted  of  a  spectroscope  and  camera  similar  lo 
those  used  by  the  author  for  the  production  of  monochromatic 
light.  A  small  shadow  photometer  served  for  the  measurement 
The  screen  was  made  of  two  parts — one  the  color  to  be  tested 
and  the  other  white  or  black  according  to  the  standard  employed. 
The  stick  was  arranged  so  that  the  shadows  fell  near  the  juDcitioo 
of  the  two  parts.  Light  reflected  from  the  surface  of  the  first 
glass  prism  served  to  illuminate  one  shadow ;  and  for  the  other, 
monochromatic  light  of  any  desired  color  could  be  used.  The 
intensities  were  adjusted  to  equality  by  cutting  off  more  or  less 
of  the  stronger  light  by  means  of  a  revolving  wheel  with  adjust- 
able sectors,  the  opening  of  the  sectors  being  a  measure  of  the 
luminosity  of  the  pigment.  In  another  arrangement  a  double 
image  prism  was  used  to  separate  the  spectrum  into  two  parts. 
Monochromatic  light  from  one  part  passed  direct  to  the  screen 
through  sectors  in  a  rotating  wheel,  and  monochromatic  light 
from  the  other  spectnim  was  reflected  on  the  screen  at  a  sufficient 
azimuth  to  give  a  separate  shadow,  by  means  of  two  total  reflec- 
tion prisms.  The  losses  bv  reflection  were  allowed  for  by  obtain- 
ing the  position  of  the  adjustable  sectors  required  to  give  equal 
intensities  on  a  white  screen.  From  the  results  color  curves  can 
be  plotted  for  different  pigments  and  templates  constructed 
which,  when  rotated  in  the  path  of  the  spectrum,  reproduce  the 
corresponding  color.  In  the  course  of  the  experiments  many  in- 
teresting observations  on  color  blindness  were  obtained.  Colors 
could  be  imitated  whatever  the  source  used  to  produce  the  spec- 
trum.— Nature,  July  19,  1888,  p.  286.  j.  t. 

3.  Heat  Measurement, — At  a  meeting  of  the  Physical  Society, 
Berlin,  Dr.  R.  von  Hklmholtz  exhibited  a  new  form  of  bolometer, 
differing  from  that  used  by  Langley.  In  the  latter's  instrument 
the  alterations  of  electrical  resistance  produced  by  radiation  are 
measured  by  introducing  the  exposed  bolometer  into  one  arm  of 
a  Wheatstone's  bridge,  a  similar  one  protected  from  the  light 
being  introduced  into  the  second  arm  of  the  bridge,  while  the 
other  two  arms  contain  a  corresponding  resistance.  In  the  new 
bolometer  constructed  by  Siemens  and  Halske  all  four  arras  of 
the  bridge  are  composed  of  equal  wires  rolled  up  into  a  coil  and 
of  these  coils  1  and  3  are  illuminated,  while  2  and  4  are  protected, 
and  then  2  and  4  are  illuminated  and  1  and  4  protected.  By 
this  means  a  four-fold  sensitiveness  is  theoretically  obtained. 
All  four  coils  lie  inside  a  brass  tube,  and  by  turning  a  screw,  at 
one  turn  coils  1  and  3,  at  another,  2  and  4  are  brought  opposite 
the  opening.  Langley's  results  appear  to  be  five  times  more  deli- 
cate than  those  of  the  author.     This  is  due  to  LaYigley's  galvano- 
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eter  being  twenty  times  more  sensitive. — Nature^  July  26, 1888, 

311.  J.  T. 

4.  Ether  Calorimeter. — Professor  Neesen,  at  a  meeting  of  the 
hysical  Society  of  Berlin,  described  an  ether  calorimeter  which 
•esents  certain  advantages  over  an  ice  calorimeter.  It  con- 
sts  of  a  tube  for  the  reception  of  the  object.  This  tube  is  sur- 
»Tinded  with  a  layer  of  lamp  wick  which  dips  into  ether  at  its 
wer  end.  From  the  side  of  the  outer  vessel  a  tube  passes  with 
^propriate  bending  to  a  horizontal  capillary  tube  containing  as 
.aex  some  ether,  and  by  a  parallel  capilliary  tube  to  a  second 
]d  similar  calorimeter.  After  the  index  has  been  adjusted,  its 
ovement,  as  resulting  from  the  vaporization  of  ether  due  to  the 
arm  object,  indicates  how  much  heat  has  been  given  up  to  the 
ick  saturated  with  ether.     The  sensitiveness  of  this  calorimeter 

2000  greater  than  that  of  an  ice  calorimeter.  Specific  heats  of 
latinum,  palladium  and  copper,  and  also  the  heat  produced  by 
le  passage  of  an  electric  spark  between  a  metallic  point  and  a 
lass  of  mereury  in  the  tube  of  the  calorimeter  were  obtained. 
LZtremely  small  masses  could  be  examined  by  this  apparatus. 
he  apparatus  could  also  be  used  in  measurement  of  radiant  heat. 
'Nature^  July  26,  1888,  p.  311.  j.  t. 

6.  Electrolysis  of  Water. — In  continuation  of  his  previous  re- 
^arches  upon  this  subject,  H.  von  Helmholtz  shows  the  influ- 
ice  of  occluded  gases  in  the  use  of  platinum  electrodes,  espe- 
ally  if  the  platinum  had  been  exposed  to  a  flame  in  the  process 
r  cleaning.  These  occluded  gases  continue  to  manifest  their 
3tion  for  a  long  period.  The  apparatus  employed  in  the  later 
^searches  consisted  of  a  species  of  Sprengel  pump,  in  one  cham- 
Br  of  which  electrolysis  could  take  place  under  varying  pres- 
ires.  The  limit  for  the  development  of  gas  was  between  1*64 
ad  1*63  volts,  under  a  pressure  of  the  gases  amounting  to  10°^°^ 
ater. — Ann.  der  Physik  und  Chemie^  No.  86,  1888,  pp.  737- 

51.  J.  T. 

II.  Geology  and  Natural  History. 

1.  JSacplosive  volcanic  eruption  in  Japan  on  the  \bth  of  Jidy. 
-The  following  facts  are  taken  from  a  letter  of  Mr.  J.  S.  Mans- 
lELD,  Attach^  of  the  United  States  Legation  in  Japan,  written 
fter  a- visit  to  the  region,  and  published  in  the  Atlanta  Constitu- 
on,  excepting  a  few  from  Milne's  memoir  on  Japan  volcanoes. 

The  eruption  took  place  from  the  principal  peak  of  Bandai-san, 
ad  did  its  work  with  wonderful  violence  and  despatch. 

This  summit  is  the  highest  of  the  group  of  hills  on  the  north  side 
f  Lake  Inawashiro.  In  the  hills,  Mr.  Milne  states,  there  are  hot 
wrings,  and  also  on  the  flanks  of  Bandai-san ;  and  '^  these  appa- 
mtly  indicate  the  volcanic  nature  of  the  region."     He  ascended 

in  three  and  one-half  hours,  and  found  the  slope  of  the 
pper  part  35^,  and  the  summit,  a  sharp  peak,  5100  feet  above 
de-level,  but  without  signs  of  action.     ^'  From  the  hot  springs, 
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the  scoriaceous  appearance  of  the  old  lava-streams,  and  the  tradi- 
tion in  the  neighborhood  that  it  was  once  in  a  state  of  emplioD.^ 
this  mountain  is  classed  by  Mr.  Milne  in  the  group  of  still  actiTe 
volcanoes  (p.  113). 

Indications  of  approaching  activity  occurred  on  the  I3th,  wheo 
there  were  the  rnmblings  of  light  earthquakes.     On  the  15th,  at 
about  7  A.  M.,  there  was  a  more  arousing  disturbance,  which  was 
followed  by  three  earthquake  sho<5ks  at  intervals  of  ten  minutes; 
then  occurred  a  loud  explosion  the  noise  of  which  the  people  com- 
pared to  the  report  of  thousands  of  cannon  dischargea  simultane- 
ous! y,  accompanied  by  another  terrible  earthquake  shock.     A 
^'  thick,  black  smoke''  rose  from  the  peak,  and  the  region  for  eight 
or  ten  miles  around  became  enveloped  in  midnight  darkness  from 
a  shower  of  fine  black  ashes  and  suffocating  sulphurous  dnst  with 
stones.     At  10  o'clock  a.  m.  the  eruption  was  at  its  height,  and  at 
4  p.  M.  it  was  finished.     The  number  of  people  who  lost  their 
lives,  according  to  the  official  statement,  was  518,  besides  41  in 
the  hospital ;  but  this  was  partly  by  drowning  owing  to  the  sad- 
den rise  of  the  river  Okawa.     The  flowing  stream  at  the  eruption 
was  a  stream  of  mud.     The  mud  and  fine  ashes  covered  the  east- 
ern and  the  northern  side  of  the  mountain,  running  down  in 
streams  each  half  a  mile  wide  to  a  distance  of  four  or  five  miles. 
Places  one  to  two  miles  from  the  foot  of  the  mountain  suffered 
little  from  the  ashes  or  mud-streams.     There  was  no  flow  of  lava; 
The  eruption  in  all  its  features  was  of  the  explosive  kind,  moch 
like  those  of  Krakatoa  and  Tarawera.  j.  a  d. 

2.  American  OeologiccU  Society. — During  the  recent  meeting 
of  the  American  Association  at  Cleveland,  the  question  of  estab- 
lishing an  American  Geological  Society,  with  reference  to  which 
a  committee  had  been  appointed  some  years  before,  was  favorably 
discussed,  and  a  provisional  constitution  and  by-laws  were  ao- 
cepted.  Professor  Alexander  Winchell  was  chairman  of  the 
meeting,  and  was  continued  as  chairman  of  the  committee  of 
organization.  It  was  agreed  that  the  Society  should  meet  for 
organization  as  soon  as  one  hundred  names  were  pledged.  A 
society  for  the  free  discussion  of  the  many  questions  which  inves- 
tigations in  various  parts  of  the  land  are  constantly  bringing  for- 
ward, for  the  sake  of  mutual  increase  in  knowledge,  and  for  the 
comparison  and  correction  of  views,  is  more  needed  in  geology 
than  in  any  other  branch  of  science.  It  cannot  fail  to  be  of  great 
service  to  the  science  and  the  members  of  the  society. 

Further  ini'ormation  may  be  obtained  of  Professor  J.  J.Steven- 
son, University  of  the  City  of  New  York,  Washington  Square, 
New  York  City,  Secretary  of  the  Committee.  It  is  proposed  to 
hold  the  first  meeting  within  the  week  before  the  first  of  January. 

3.  Cambrian  Trilobites  from  L^Iglesiente  in  Sardinia ;  by 
Prof.  Giuseppe  Meneghixi  (from  vol.  iii,  of  the  Memoirs  of 
the  R.  Comitate  Geologico  d'ltalia.  Firenze,  1888.) — Prof.  Mene- 
ghini  describes  in  this  paper,  from  the  loioer  beds  2  species  of 
Oleniis,  3  of  Paradoxides,  5  of  Coiiocephalites^  besides  mentioning 
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and  figuring  other  undetermined  species  of  each  of  these  genera 
except  Paradoxides  and  oiAnomocare  ;  and  from  the  upper  hedSy 
2  species  of  Anomocarey  1  of  Platypeltis  and  1  of  PsilocephcUuSy 
besides  undetermined  species  of  Conocoryphe  and  Liostracus, 
All  are  n^w  species. 

4.  A  Bibliography  of  tJie  Foraminifera^  Recent  and  Foaaily 
from  1565  to  1888,  with  notes  explanatory  of  some  of  the  rare 
and  little  known  publications;  by  Chables  Davis  Suebburk, 
F.6.S.  162  pp.  8vo.  London,  1888.  (Dulau  &  Co.,  Soho  Square). 
— Mr.  Sherbom's  Bibliography  has  been  prepared  evidently  with 
great  care  and  thoroughness.  A  letter  of  his  published  in  Nature 
for  April  19th  states  that  he  was  prompted  to  prepare  the  work 
by  the  imperfections  in  the  bibliography  published  by  the  Minne- 
sota Natural  History  Survey. 

5.  Decomposition  of  Native  Iron  Stdphides. — Prof.  A.  A. 
JuLiBN  has  investigated  with  much  care  (Ann.  N.  Y.  Acad.  Sci., 
iv,  1888)  the  minerals  pyrite,  marcasite  and  pyrrhotite  with  refer- 
ence to  their  decomposibility  in  order  to  ascertain  the  cause  of 
the  difference  in  durability  of  some  of  the  kinds  of  so-called 
pyrites.  He  reaches  the  conclusion  that  pyrite  usually  contains 
more  or  less  marcasite,  and  as  marcasite  is  the  more  oxidizable 
sulphide,  the  more  marcasite  present  the  more  ready  it  is  to  oxidize. 
Pyrrhotite  may  be  present  in  pyrite  with  the  same  result,  but 
this  is  not  common.  The  mixture  of  marcasite  and  pyrite,  he 
observes,  may  be  due  either  to  mixture  during  crystallization  or 
to  alteration,  and  the  alteration  may  go  so  far  as  to  produce  a 
pararaorph.  A  light  color  in  pyrite  shading  toward  white,  or 
specific  gravity,  below  4*99  is  evidence  that  marcasite  is  probably 
present,  even  when  the  pyrite  is  well  cn'stallized ;  but  "  little  dan- 
ger from  decomposition  may  be  expected  down  to  a  specific  grav- 
ity 4*97,  equivalent  to  at  least  80  per  cent  of  pyrite." 

6.  JRock'Forming  Minerals;  by  Frank  Rutlet,  F.G.S.  252 
pp.  8vo.  London,  1888  (Thomas  Murby). — This  is  a  useful  book, 
giving  in  systematic  form  and  with  considerable  fullness,  the  meth- 
ods of  petrographical  research  and  particularly  the  characters  of 
the  minerals  which  enter  into  the  composition  of  rocks.  There  is 
no  lack  of  books  of  this  character,  but  for  the  most  part  they  are 
in  German,  and  the  English-speaking  student  has  been  thus  at  a 
disadvantage ;  this  new  work  will  consequently  find  a  welcome  at 
once. 

7.  Uraninite  (Communicated). — Dr.  W.  F.  Hillebrand,  who 
has  been  working  for  some  time  past  on  the  composition  of 
uraninite,  states  that  he  finds  in  the  Middletown  mineral  10  per 
cent  of  ThO„  in  that  from  Branch  ville  7  per  cent,  and  in  that  from 
Colorado,  7  per  cent  of  ZrO,  without  ThO,.  Th^  detailed  dis- 
cussion of  the  subject  will  be  published  later. 

8.  Heather  in  Toicnsend,  Mass, — Mrs.  Ralph  Ball,  of  Town- 
send  Centre,  Middlesex  County,  reported,  tins  summer,  a  new 
station  for  CaUuna  vulgaris.  The  locality,  which  is  only  a  few 
miles  from  the  New  Hampshire  line,  has  just  been  visited  by  Dr. 
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>■  -  \Vi-^  ■  .  Mr.  Waller  IVane  and  the  present  writer.  Tfce 
'_  i'  '  ^T.-a-s  :-:  "jirjc  lauLe'S  in  a  ]iasture  on  the  south  side  of  ike 
ni:.:  a  !,  '  .\  :  x  :i::le  tr»>:n  West  Townsend.  Strong  plant* of ik 
vc-  :::  :.  •.  .iri-./y  .f  :he  s]h.-ou->  aro  found  in  an  area  of  aboaltif 
i'  r.^  :"  -.n-.  "-.! :.  r.c!v  ai;»l  ihvro  forming  compact  beds  some rf 
wl  ■.  \: :  r.:  r-.  'v.-x::  ri^iiiy  fee  I  in  circumference.  InlheidjoiD- 
•.:,:  V. :.  .•>  y'.y  .-,  >::.^'.o  plan:  was  detected,  but  a  more  protnc'iei 
-iCiirv"  w  u"  1  iro:  V'^y  have  hrou^rht  others  to  light.  The  soil 
w"  ■  7  ::::  i ':i •■.:<?  ;rt  most  thrifty  consists  of  sand  mixed  fiih 
-r.i^-..  a-;  :  -..-.air-s  a  fair  amount  of  vegetable  mould.  Th 
::r  :■  •A-i  a  z'-'^-  >l«>pe  with  considerable  inequalities,  and,  a 
.1  >.  ••  I  *A  i>.  :*  -it^icior.tly  wet  to  support  a  good  growth  of  cm- 
l-:r-^LS.  '   ;:   :    :    '>.a:her  is  abundant   in  the  drier  as  well  « i^ 

T'.v  i-';ini  i-i  thoroughly  established,  and  appwn 
o:  :''>■  indigenous  vugetatiou  as  any  oftheMli« 
I  !.i:  :^  wi:'':  wr.iv*"::  i:  ;^rows.     From  its  proximity  to  the  Teib- 
b'.;r\    ;i::l  Ar.dovcr  looaliiit-*,  which    are   perhaps  twenty-five « 
t '  : '-• :  \  : : i : U  <  • :;  :i v.  v a< : e rl y  •  I i r^'C I i on ,  this  station  promised  lo  Ik 
I :   ^i  ;v*i:il  ::i:tTes:  i»s  ^i-arinir  on  the  indigenous  character  of  dif 
:.<.:i:l.«.r  i^^iva  I'.'^twhorv  in  ihi>  country.     Inquiry  reveals theu- 
wi\^»:!;o  :a.':  i:  a:  ::.o  Townsi-nd  heather  c«>mes  from  seeds «'•« 
Will    <.^w:i    :r.irv-   r.ot   verv   far  from    twenty    years  aga    Sf- 
K.i:.  i^o  S^iM!-.  i^ rs,  10  whom  the  tiehl   belongs,  states  that ceruia 
rt  AV.xis,  on  ::;i:r  rt»turn  from  a  visit   to  Europe,  brought  haci 
s  ■•'.ic  p'.air.s  o!  heather.     From  these  plants  a  quantity  of  serf 
WAS  .»^::i*v.c  i  A:.d  s-^wn  in  the  pasture  above  described.    Thewb- 
T-\i-   ;  •  V..-:   rv0^i\v:  verv  distinctly  the  method  of  sowius  tl* 
^'.  V  i<.  :•::  i:  •<  r*.  :v.i::iKrcd  that  I  hero  was  some  discussion,  at  iht 
ti:iu\   AS  :  ■   ::io  Vt.-':    plaot-   for  planting,  and    the  decisional* 
r.:-.  i'ly  :::A.ir  :o  try  tliv   plants  in  this  wet   pasture  rather  ilian in 
ti.v  •i.i^.r  >.  i'.  '.-.oar  I'.o  house.     The  dale  of  sowing  cannot  kfii*'- 
m-'to   :uA:*y  tliAU  by  the  fart  thai   the  journey  to  Europtr  «» 
nia  li   I'  '^ovie  tirno  -luring  the  progress  of  the  Franc^vpriissiaa 
^^.^y — 'i-u  >,  afur  the  sunnner  oi  1*^70.     The  history  of  thi?^ 
ti-'    :v  C:\V.;;!:;i  ilirows  much  doubt  on  the  native  charaoii-r  01 
:i.»'  1  l.i'.ii"*  a:  :l.o  01  her  rep- ^rt oil  looalilies.     It  also  indit'atf>  h'J* 
fiiil'N  iliis   y\:\"i  k::\u  bo  vsiablishod  even  in  our  comparaiiv^ij 
,liv  V  .i:ii:\to.     h  would  apj»oar  to  be  possible  to  cultivate  heaibfi 
a««  :\   li  .•'•lAtivf  I'l.uit  on  uny  -^t  our  moist  sandy  slopes.    <;. L«i. 

','.  /-.-■.'  L'/'.—  \  pviiodioal  luiUolin  with  the  title  M'f 
Li'r  \.:\<  l'Oi'!\  I'oiununocd  at  Washington  by  the  Department  0 
A'^rii-iliinv.  h  is  vlovoto-l.  a<  the  title  page  of  the  tirst  iiumbe 
st:iu-«  liUit^-'i  .lulw  i^^*i),  to  tiio  fOiMioniy  and  life-habits  of  insect 
I-].,  viallv  in  tluiV  rolations  to  agriouhure,  and  is  edited  by  theEi 
loni.'l.v^MVi  an.l  liis  :is>istant<,  with  tho  sanction  of  the'C'onimi: 
<ioiior  of  Au'M'^ultuii.  Th».-  journal  will  enable  the  departmen 
I...  .rivt' early  pubiic:iiion  10  u,k-  facts  and  communicaiiOD>tha 
:in"c'»nstanilv  roucliing  it  iVom  various  directions,  and  rentier i 
!.f  -'roaior  va'luo  to  iliiTpublic.  Tho  writer  reads  in  it,  whh  >oni 
interosl  tho  fact  that  "  the  llossian  Fly,  Cecidomi/ia  ih^trw:t'' 
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as  reached  New  Zealand,"  the  March  iinmber  of  the  New  Zea- 
^ri^  farmer  reporting  it  from  four  different  farms  in  one  of  the 
i«$£ricts,  as  it  calls  to  mind  his  finding  its  pupse  in  the  wheat 
^l<is  of  Minorca,  Toulon  and  Naples  in  the  year  1834,  as  re- 
volted in  this  Journal*  by  Mr.  E.  C.  Herrick  to  whom  specimens 
^^  tlic  pupsB  and  insects  were  sent  at  the  time.  I  may  add  that 
-Was  led  to  make  the  search  for  the  pupaB  by  ray  friend  Mr. 
3exTick,  who  had  become  much  interested  in  its  history.  It 
^ovild  now  be  interesting  to  learn  whether  the  fly  reached  New 
Zejiland  through  America  or  in  the  opposite  direction,     j.  d.  d. 

10.   Ihe  Fauna  of  British  Indiay  including  Ceylon  and  Burma. 

«*art  I,  Mammalia,  by  W.  T.  Blanford,  F.R.S.     Published  under 

^Vie  authority  of  the  Secretary  of  State  for  India  in  council.     260 

Pp.      8vo.     London,  1888.     (Taylor  &  Francis.)     This  is  a  care- 

'"Ully  prepared  systematic  treatise  on  the  Mammals  of  India.     The 

P^irt  here  published  closes  with  the  Insectivora,  leaving  the  Un- 

K^lata,  Rodentia,  Edentata,  Chiroptera,  Cetacea,  and  Sirenia  for 

^'^other  part.     Several  of  the  species  are  illustrated  by  excellent 

^gures. 

11.  Entomology  for  Beginners,  for  the  use  of  Young  Folks, 
-^ruit  Growers,  Farmers  and  Gardeners;  by  A.  S.  Packard, 
I^h.D.  366  pp.  12mo.  New  York,  1888.  (Henry  Holt  &  Co.) 
^""tf  rof.  Packard's  Entomology  for  Beginners  is  made  very  attract- 
ive, by  its  copious  and  beautiful  figures  illustrating  various  insects 
Of  the  several  orders,  and  also  their  habits,  structure,  meta- 
morphosis, nest-making,  constructive  and  destructive  work.  The 
"Work  is  also  a  practical  one  for  the  young  entomologist,  giving 
him  directions  for  collecting,  rearing,  preserving,  dissecting  and 
tnoanting  insects,  and  also  for  making  microscopic  sections  of 
Various  kinds  and  for  their  preservation.  It  closes  with  a  long  list 
of  works  on  Entomology  and  its  several  departments,  besides  a  full 
glossary.  The  style  of  publication  adds  to  the  attractiveness  of 
the  volume. 


III.  Miscellaneous  Scientific  Intelligence. 

1.  American  Association  for  the  Advancement  of  Science, — 
Tlie  meeting  of  this  Association  opened  at  Cleveland  on  the  15th 
of  August,  under  the  presidency  of  Major  Powell,  Director  of 
the  U.  S.  Geological  Survey.  The  officers  elected  for  the  coming 
year  are  the  following  : — President:  T.  C.  Mendenhall.  Vice- 
JPresidents:  Mathematics  and  Astronomy,  R.  S.  Woodwabd; 
Physics,  H.  S.  Carhabt,  of  Ann  Arbor,  Mich. ;  Chemistry,  Wm. 
L.  Dudley,  of  Nashville,  Tenn. ;  Mechanical  Science  and  Engin- 
eering, A.  Beardsley,  of  Swarthmore,  Pa. ;  Geology  and  Geog- 
raphy, Dr.  C.  A.  White  ;  Biology,  Prof.  G.  L.  Goodalb  ;  An- 
thropology, G.  Mallory,  of  Washington,  D.  C;  Economic 
Science  and  Statistics,  C.  S.  Hill,  of  Washington.     Permanent 

♦Vol  xli,  154,   1841. 
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Secretary :  F,  W.  Putnam.  General  Secretary :  C.  L.  Mees,  of 
Terre  Haute,  Ind. 

The  next  meeting  of  the  Association  will  be  held  in  Toronto, 
on  the  last  Wednesday  in  August. 

The  retiring  president,  Prof.  S.  P.  Langlet,  delivered  an  ad- 
dress on  a  History  of  a  Scientific  Doctrine  ;  Major  Powell,  the 
President  of  the  meeting,  on  Competition  as  a  lactor  in  Haman 
Progress  ;  C.  E.  Monroe,  Vice-President  of  the  Chemical  Section, 
on  Some  Phases  in  the  progress  of  Chemical  Science  ;  Prof.  G.  E 
Cook,  Vice-President  of  the  Geological  Section,  on  The  Inter- 
national Geological  Congress  and  our  part  in  it  as  American  ge 
oloffists :  Prof.  C.  C.  Abbott,  of  the  Section  on  Anthropology,  on 
the  Evidences  of  the  Antiquity  of  Man  in  Eastern  North  America; 
Prof.  Obmond  Stone,  of  the  Section  of  Mathematics  and  Astron- 
omy, on  the  Motions  of  the  Solar  System ;  Prof.  A.  A.  Michelsox, 
of  the  Physical  Section,  "  A  Plea  lor  Light  Waves." 

The  following  is  a  list  of  the  papers  accepted  for  reading:— 

• 

Section  A. — Mathematics, 

E.  W.  Hyde  :  The  directional  theory  of  Screws. — CoDsiderations  oa  the  funda- 
mental idea  of  quatemions. 

H.  M.  PAREnuBST:  Obliteration  from  illumination  in  stellar  photomet^.     _ 

E.  D.  Pkeston  :  Deflections  of  the  plumb  hne.  and  variations  of  gravity  in  uie 
Hawaiian  Islands. 

R.  S.  Woodward  :  Laws  of  frequency  of  errors  of  interpolated  logarithms. 

J.  W.  HocGH :  On  a  new  method  of  construction  of  equatorial  domes. 

James  McMaiiox  :  A  method  of  representing  the  imaginary  elements  of  a  geo- 
metric figure  and  of  using  them  in  construction. 

S.  C.  Chandler  :  On  a  uew  catalogue  of  variable  stars. 

H.  M.  Paul  :  A  now  short  period  variable  in  Antlia. 

William  Harkness:  On  the  value  of  the  solar  parallax  deduced  from  the 
American  photographs  of  the  last  transit  of  Venus. 

(t.  C.  Comstock  :   A  desideratum  in  the  American  Ephemeris. 

D  P.  Todd  :  Fusiyama,  Japan,  as  a  site  for  a  mountain  observatory. 

Asaph  Hall  :  On  the  supposed  canals  on  the  surface  of  the  planet  Mars. 

William  Hoover:  Preliminary  elonients  of  the  orbit  of  comet  1886,  IX. 

0.  A.  Waldo  :  Note  on  the  mathematics  of  the  seismoscope. 

H.  B.  Newson  :  On  some  old  and  now  theorems  in  Solid  Geometry. 

Lewis  Boss:  Orbit  of  Brooks's  comet — 1S88,  C. 

Irvinq  Strixoham:  On  the  measure  of  inclination  of  two  planes  in  space  of 
four  dimensions. 

F.  Boas  :  On  census  maps. 

^^EOTiON  B. — Physics. 

W.  LeConte  Stevens:  On  the  quality  of  musical  sounds. 

W.  A.  Rogers:  On  the  radiation  of  heat  between  metals  by  induction  and  con- 
duction, with  numerical  results  for  steel  and  brass. — On  the  terms  mass  and 
weight. 

E.  P.  Howland  :  On  the  best  methods  of  making  instantaneous  photograplis. 
— Description  of  a  new  and  improved  dissolver  for  the  lantern. 

C.  A.  Oliver  :  Note  upon  retinal  pliotography. 

H.  S.  Woodward  :  On  the  eniissivity  of  a  metallic  bar  coohng  or  heaUng  in  air. 

T.  C.  Mekdenhall  :  On  dynamical  units. — Effect  of  added  term  of  the  equation 
of  the  quadrant  electrometer  on  its  deflection  curves. 

C.  J.  H.  Woodbury:   Protection  of  watches  against  magnetism. 
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p.  Whitmai}  :  Photographic  experiments  on  the  color  of  the  sky. 

W.  MooBB :  Galvanometer  for  the  vertical  lantern. — Two  strokes  of  lightning. 

A.  MiOBBLSON  and  E.  W.  Mobi^ey  :    Description  of  apparatus  for  making  a 
wave  the  standard  of  length. 

B.  Fulton  :  Novel  form  of  electro-magnetic  telephone. 

L.  Nichols  and  W.  S.  Fbanexin  :  Experiment  on  the  direction  and  velocity 
le  electric  current.— Spectro-photometnc  comparison  of  sources  of  artificial 
lination. 

.  H.  Bristol  :  New  pressure  indicator. — New  self -registering  thermometer. — 
self-registering  barometer. 
Mebritt  :  Efficiency  of  incandescent  lamps. 

B.  Webb  :  Floating  dynamometer. — Impact  in  the  injector. — Overhauling  in 
chanical  power. 

A.  Veedeb  .  Causes  of  sudden  variation  of  atmospheric  pressure. 

Section  Q.^  Chemistry. 

6.  Wabdeb  :  Co-effldents  of  volatility  for  aqueous  chlorhydric  acid. 
.  A.  Notes  :  On  a  new  method  for  the  determination  of  the  atomic  weight 
cygen. — On  the  oxidation  of  nitro-p-xylene  with  potassium  ferrocyanide. 
P.  Dewey  :  Hampe's  method  of  determining  cuprous  oxide  in  metallic  copper. 

B.  Power  :  On  the  constituents  of  wintergreen  leaves. 

B.  Newberry  :  Propylidene  di-ethyl  and  di-methyl  ethers. — The  safety  of 
nercial  kerosene  oils. 

I0MA8  Taylor  :  A  new  vegetable  dye. — ^The  crystals  of  butter  and  fat. 
H.  S.  Bailey  :    On  the  presence  and  significance  of  ammonia  in  potable 
trs. 

F.  Maybeby  and  H.  H.  Daw  :  Composition  of  salt  brines  in  Northern  Ohio. 
ic.  P.  Mason  :  Fatal  poisoning  by  carbon  monoxide. 
lbebt  W.  Smith  :  Lake  Erie  water  at  Cleveland,  Ohio. 
H.  Morgan  :  Some  notes  on  progress  in  chemical  methods  of  water  analysis, 
especial  reference  to  ammonia  process. — Note  upon  iodine  as  a  reagent  m 
inalysis  of  drinking  water. — Note  on  the  final  product  of  the  action  of  con- 
rated  sulphuric  acid  on  sugar. 

.  L.  Dudley  :  Some  modifications  of  the  methods  of  organic  analysis  by  com- 
ion. 

.  0.  Atwateb  :    The  chemistry  of  fish. — The  quantities  of  nitrogen  in  pro- 
compounds. 

Section  D. — Mechanical  Science  and  Engineering. 

E.  Denton:  On  the  possibility  of  identifying  dry  or  saturated  steam  by 
al  observation  of  a  jet  of  such  steam  flowing  into  the  atmosphere. — Relative 
omy  of  high  speed  engines  of  less  tha^i  50  h.  p.,  using  steam  by  expansion 

throttling  respectively. — On  the  influence  of  moisture  in  steam  upon  the 
n  consumption  per  h.  p.  of  engines  of  loss  than  50  h.  p. 
olfbed  Nelson  :   The  Panama  canal  as  it  is. 

S.  Peaby  :  Recent  Nicaragua  ship  canal  surveys. 

S.  Jacobus:  Effect  of  friction  at  the  connecting  rod  bearings  on  the  forces 
imitted. — Greneral  solution  of  the  transmission  of  force  in  a  steam  engine 
iding  the  action  of  friction,  acceleration  and  gravity. 

H.  Thurston:  The  second  law  of  thermodynamics. 

.  J.  Keep,  C.  F.  Mabeby  and  L.  D.  Vobce  :  The  influence  of  aluminum  upon 
iron. 

H.  Landbeth  :  The  economical  production  of  charcoal  for  blast  furnace  pur- 
s. 

Section  E. — Geology  and  Geography. 

C.  Bboadhead:  The  geological  history  of  the  Ozark  uplift. 

W.  SiMONDs :  The  Archimedes  limestones  and  associated  rocks  in  North- 
ern Arkansas. 

lexandeb  Winchell  :  Systematic  results  of  a  fleld  study  of  the  Archeean 
3  of  the-  northwest. 
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H.  S.  Williams  :  The  use  of  fossils  id  determming  the  age  of  geologic  temDes. 

J.  K.  Todd  :    The  terraces  of  Missouri. — Extra  morainic  8tri«  in  the  Miwoori 
valley. — Eyideuce  that  lidke  Cheyenne  continued  till  the  ioe  age. 

G.  F.  Wrioiit:  Boundary  of  the  glaciated  area  in  Dakota. 

A.  S.  Tiffany  :  Evidences  that  the  Mohawk  river,  at  a  very  remote  period. 
changed  its  channel  of  drainage. 

Y.  H.  Kkowlton  :  The  fosMl  wood  and  lignites  of  the  Potomac  formation. 

L.  F.  Ward  :  The  paleontological  history  of  the  genus  Platonus. — Bemarks  oo 
an  undescribed  vegetable  organism  from  the  Fort  Union  group,  Montana. 

C.  A.  White:  The  Cretaceous  deposits  of  North  America. 

R.  T.  Hill:  The  occurrence  of  chalk  in  the  North  American  Cretaceous. 

J.  S.  Newberry:  The  Cleveland  Shale  and  its  fossil  Ashes. — The  oil  field  of 
Colorado. 

Edward  Ortok  :  Discovery  of  sporocarps  containing  protoaalvima  huroniensis 
in  the  Ohio  shale. — The  recently  discovered  sources  of  oil  and  gas  in  Ohio,  In- 
diana and  Kentucky. 

H.  P.  CusiiiNO :  A  new  gas  well  at  Cleveland. — Geology  of  Cleveland. 

J.  F.  James  :  The  ancient  channel  of  the  Ohio  at  Cincinnati. — ^Ivorydale  well 
in  Mill  Creek  valley. 

P.  Max  Fashay  :  Notes  on  the  preglacial  drainage  of  Western  PenDBjlvania. 

J.  W.  Spenoer:  Discovery  of  the  ancieut  St.  Lawrence  River. — Origin  of  the 
basins  of  the  great  lakes. — Establishment  and  dismemberment  of  Lake  Warren.— 
Discovery  of  the  outlet  of  the  Huron-Michigan-Superior  lakes  to  Lake  Ontario 
by  the  Trent  valley. — Erie  the  youngest  of  all  the  lakes. 

T.  C.  Mkndenhall:  On  the  inteusity  of  earthquakes  with  approximate  calcula- 
tions of  the  energy  involved. 

J.  F.  Kehh  :  On  the  trap  dikes  of  Kennebunkport,  Maine. 

N.  H.  Wikchell:  Some  thoughts  on  eruptive  rocks  with  special  refereoceto 
those  of  Minnesota. 

C.  W.  Hall  :  The  distribution  of  the  granites  of  the  Northwestern  States,  and 
their  general  lithologic  characters. — Some  physiographic  notes  on  Northeastern 
Minnesota. 

J.  C.  Branner  :  The  geologic  age  of  the  crystalline  rocks  of  Arkansas.— The 
age  and  correlation  of  the  Mesozoic  rocks  of  the  Sergipe-Alagoas  basin  of  Brazil. 

J.  C.  Branner  and  R.  N.  Brackett:  The  Peridotites  of  Pike  County,  Arkansas. 

A.  Wanner:  The  discovery  of  fossil  tracks  in  the  Triassic  of  York  County, 
Penn. 

R.  Hay  :  Recent  discovery  of  rock  salt  in  Kansas. 

Frank  Leverett  :  On  the  occurrence  of  the  forest  bed  beneath  intra-morainic 
drift 

J.  T.  B.  Ives  :  On  a  new  method  of  constructing  geologic  maps. 

R.  Owen  :  Probable  derivation  of  the  terrestrial  spheroid  from  the  rhombic 
dodecahedron. — Additional  facts  respecting  the  law  governing  the  distribution  in 
space  of  soismism. 

Section'  F. — Biology, 

N.  S.  Britton  :  A  plea  for  uniformity  in  biological  nomenclature. 

Thos.  Meehan  :  A  study  of  the  Hydrangea  as  to  the  objects  of  cross-fertiliza- 
tion.— Some  now  facts  in  the  life  history  of  Yucca  and  the  Yucca  moth. — On  the 
cause  and  sijrniticanco  of  dichogamy  in  flowers. — Adaptation  in  the  honeysuckle 
and  insect  visitors. 

C.  L.  Sturtevant  :  A  phase  of  evolution. 

Jos.  ScHRENK  :  Notes  on  tho  iutiorescence  of  Callitriche. 

A.  N.  Prentiss:  Hygroscopic  movements  in  the  coue  scales  of  Abietineaj. 

J.  B.  Smith  :  Sexual  characters  of  the  species  of  the  Coleopterous  genus  Lach- 
nosterna. 

0.  P.  Hay  :  On  the  structure  of  the  skull  of  the  larva  of  Amphiuma. — A  sup- 
posed new  species  of  I^ranchipu.s  from  Indiana. 

W.  Edgar  Taylor:  Color  variations  ofNebra.ska  flying  squirrels. 

T.  B.  Stowell  :  The  muscles  of  the  soft  palate  in  the  domestic  cat. 
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£.  P.  Rowland  :  Some  new  experiments  in  producing  ansesthesia  with  nitrous 
oxide  and  air,  and  nitrous  oxide  and  oxygen  in  condensed  air  chambers. 

W.  J.  Beal  :  Comparisons  of  the  flora  of  Eastern  and  Western  Michigan  in  the 
latitude  of  44"  40'. — Observations  on  the  succession  of  forests  in  Northern 
Michigan. 

D.  U.  Campbell:  The  systematic  position  of  the  Rhizocarpeae. 
B.  D.  Halstead  :  Pollen  germination  and  pollen  measurements. 

A.  W.  Butler:  Observations  on  the  house- building  habit  of  the  muskrat. 
Herbert  Osborn  :  Metamorphosis  in  the  pleunim  of  the  Aleurodes. 

Section  R.~^Anthropology, 

R.  B.  Fulton  :  Note  on  certain  prehistoric  ornaments  found  in  Mississippi. 

Franz  Boas  :  The  development  of  the  civilization  of  Northwest  America. 

W.  M.  Beauchamp  :  The  Oiiondagas  of  to-day. 

J.  E.  Todd  :  Some  ancient  digging^  in  Nebraska. 

H.  T.  Cresson  :  RemarkH  upon  a  chipped  implement  found  in  modified  drift, 
on  the  east  fork  of.  the  White  River,  Jackson  County,  Indiana. — Remarks  on 
chipped  implements  from  the  Delaware  gravel. 

Garriok  Mallory  :  Recently  discovered  Algonkin  Pictographs. 

F.  W.  Putnam  :  The  serpent  mound  and  its  surroundings. 
Mrs  a.  N.  MgGee  :  Notes  on  American  communities. 

E.  8.  Morse  :  On  ancient  arrows  and  a  new  method  of  arrow  release. 

G.  F.  KuNZ :  On  some  recently  chipped  arrow  heads  from  North  Carolina.—  On 
a  remarkable  jadeite  tablet  from  Snnta  Lucia  Cotzulmalguayra,  Guatemala. — On 
a  remarkable  gold  ornament  from  the  United  States  of  Columbia. 

W.  C.  Wyman  :  Exhibition  of  copper  implements  from  Wisconsin,  and  large 
stone  axes  from  Missouri  River. 

A.  Wanner  :  Unfinished  baimer  stones  from  the  Susquehanna  River. 
Horatio  Hale  :  The  Aryan  race,  its  origin  and  character. — An  international 

language. 

J.  W.  Smith  :  Iowa*  mound-builder  relics. 

Wm.  Libbet,  Jr.:  Some  of  the  characteristics  of  the  Yakutal  Indians  of  Alaska. 

D.  G.  Brinton  :  Early  man  in  Spain. — Traits  of  primitive  speech. — A  limonite 
human  vertebra  from  Florida. 

W.  M.  Beauohamp  :  The  rarer  Indian  relics  of  Central  New  York. 

Joseph  Jastrow  :  The  Psychology  of  Deception. 
"  Thomas  Wilson  :  Men  during  the  Palaeolithic  Period  in  America. 

Otis  T.  Mason  :  Woman's  share  in  primitive  industry. 

S.  D.  Peet  :  Some  few  groups  of  efhgy  mounds  and  their  location  and  signifi- 
cance.— The  clan  system  among  the  Mound  Builders  identified  by  iheir  works. — 
Did  the  Cherokees  build  the  so-called  village  enclosures  of  the  Scioto  valley? — The 
mounds  in  the  Mississippi  Bottom  Lauds  which  are  used  as  refuges  from  high 
water. 

Section  I. — Economic  Science  and  SiaHstics. 

B.  E.  Fernow  :   Needs  of  a  forest  administration  of  the  United  States. 

Mrs.  Laura  0.  Talbot  :  Industrial  farming.  The  vagrant,  children  and  immi- 
grantf. 

E.  H.  Ammidown  :  Suggestions  for  legislation  on  the  currency. 
Edward  Atkinson  :  The  use  and  abuse  of  statistics. 

W.  0.  Atwater  :  The  food  supply  of  the  future  and  the  doctrine  of  Malthus. — 
An  error  in  our  national  dietury. 

C.  S.  Hill  :  Ship-building  and  shipping  as  a  national  economic. — The  science 
of  economic  engineering. 

W.  P.  SwiTZLER:  The  history  of  statistics  and  their  value. 

H.  C.  Taylor:  The  Nicaragua  Canal;  its  importance  from  an  economic  stand- 
point 

S.  Dana  Horton  :  The  parity  of  moneys,  as  regarded  by  Adams,  Smith,  Ricardo 
and  Mills. 

Henry  Farquhar:  Economic  value  of  binary  arithmetic. 

Edward  Daniels:  Our  monetary  system. 
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C.  K  Remington:    Cremation^  past  and  present,  with  statisitioB  pertaining 
thereto. 
J.  R.  Dodgb:  The  International  statistical  Institute. — ^The  agricultoral  surplus, 
H.  B.  Alvord  :  The  true  basis  for  dealings  in  milk. 
Mrs.  L.  0.  Talbot  and  C.  W.  Smilet:  On  the  life  of  the  late  E.  B.  Eltiot 

Entomological  Club. 

C.  M.  Weed  :  On  the  parasites  of  the  houeysuckle  sphinx,  Bemaria  d^nis.— 
On  the  hymenopterous  parasites  of  the  strawberry  leaf-roller,  PhojoopteriB  (kmp- 
tana, — On  a  supposed  hymenopterous  parasite  of  the  spotted  lady-beeUe,  MegiM 
maculata. 

Uerbebt  Osborn  :  The  food  habits  of  Thripidae. — Note  on  the  origin  of  tbe 
wing  in  Aleurodes. — Note  on  Cicada  rimoaa  in  Iowa. 

0.  H.  Westoott:  Entomological  memoranda:  Butterflies  as  carrion  lovers. 
Summer  and  winter  varieties  of  Melitsea. — Unusual  localities  for  pupation  of 
Heterocera. — C!omparative  abundance  of  species  of  Lachnostema. — Note  on  Crtm- 
bidffl. — A  successful  insect  trap. 

D.  S.  Kellicott  :  Note  on  Hepiahts  argenteomaaUatua. 
J.  Fletcher  :  On  Colias  eurytheme. 

E.  A.  Swartz  :  Geographical  distribution  of  the  semi-tropical  Floridian  Coleop* 
terous  fauna. 

L.  0.  Howard:  A  Californian  parasite  of  a  mealy  bug  (Dadylopius). 

Botanical  Club. 

B.  E.  Ferxold  :  What  is  a  tree  ? 

W.  M.  Beauchamp  :  Some  Onondaga  (Indian)  names  of  phmts. 
Thomas  Meehan  :  Irregular  tendencies  in  tubifloral  Compositas. 
George  Vasey:  Tlie  vegetation  of  the  great  American  desert. 
Charles  P.  Barnes  :  The  acridity  of  Arisajma  triphyUa. 
A.  A.  Cosier  :  Secondary  effect  of  pollination. 

Mrs.  H.  L.  T.  Wolcott:  Is  the  amber-fruited  choke-cherry  entitled  to  a  name? 
W.  R.  Lazenby:   Two  forms  of  Virginia  creepers. — Notes  on  the  flowering 
plants  of  Oliio. 

Jos.  p.  James  :  Dentaria  maxima. — Aselepias  tuberosa. 

Scribner  :  Notes  on  Andropagon. 

Spaulding  :  Changes  in  the  Hoseplant  induced  by  Puccinea  grarainis. 

Waite  ;  Changes  in  the  local  fungus  flora  of  Champaigne,  111. 
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H.  W.  Wiley  :  The  adulteration  oflard  and  methods  of  analysis. 

G.  C.  Caldwell  :  Some  phases  of  the  present  state  of  the  nitrogen  question. 

S.  M.  Babcock  :  The  presence  of  fibrin  in  railk. 

D.  E.  Salmon:  Present  condition  of  the  investigation  of  swine  diseases.— The 
eradication  of  pleuro-pneuraonia. 

W.  A.  Hknry  :  The  mfiuenco  of  certain  foods  upon  the  growth  of  pigs. 
K.  C.  Kedzie:  Tile  drainage  in  relation  to  flood  and  drouth. 
S.  A.  Forbes  :   The  relation  of  wheat  culture  to  the  chinch  bug. 

C.  V.  Riley  :  Remarks  on  the  Hessian  fly. — Further  notes  on  the  hop  plant 
louse. 

G.  H.  Cook:  Relation  of  Experiment  Stations  to  State  Boards  of  Agriculture 
and  Agricultural  Colleges. 

W.  J.  Beal:  Some  peculiarities  of  the  plants  of  the  plains  of  Northern 
Michigan. 

E.  W.  Hilgard:  Some  reactions  between  alkaline  salts  and  earthy  carbonates. 

2.  India  in  1887,  as  seen  by  Robert  Wallace^  Prof.  Agric.  and 
Rural  Econ.,  Univ.  Edinburgh.  264  pp.  8vo,  with  numerous 
collotype  and  other  plates.  Edinburgh,  1888.  (Oliver  &  Boyd, 
Edinburgh).  This  volume  by  Professor  Wallace  is  one  of  great 
interest  as  regards  the  agriculture  and  forestry  of  India,  and  its 
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breeds  of  cattle,  its  stock  raising,  the  extent  of  variations  in 
breeds,  cattle  diseases,  etc.  Its  photograph  plates  (collotypes) 
are  45  in  number  and  are  mostly  devoted  to  the  various  breeds  of 
cattle  of  different  parts  of  India.  Besides  these  there  are  other 
plates  containing  sketches  of  grasses  and  two  colored  maps  illus- 
tratingthe  orographic  features  and  political  divisions  of  India. 
Prof.  Wallace,  in  the  course  of  his  descriptions  of  the  cattle  of 
India,  states  the  remarkable  fact  that '' however  white  the  hair 
may  be,  all  but  a  very  small  percentage  have  jet-black  skins  un- 
derneath." An  animal  with  a  white  skin  is  considered  to  be 
weakly.  "There  is  little  doubt,"  he  says,  " that  the  black  skin 
has  much  to  do  with  the  ability  of  Indian  cattle  to  work  in  the 
sun  without  suffering  as  light-skinned  cattle  do."  White-skinned 
cattle  are  liable  to  have  their  skins  sunburnt,  and  sometimes 
affected  by  an  eruption.  So  also  *'  the  skins  of  sheep,  pigs,  buffa- 
loes and  horses  under  domestication  in  India  are  usually  black  or 
dark."  The  best  breeds  of  sheep  have  a  white  skin  over  the 
body,  it  being  protected  by  the  thick  wool,  but  the  head,  in  that 
case,  is  frequently  black.  The  black  color  causes  the  skin  to 
absorb  more  heat  than  the  white  skin,  but  also  to  give  off  more 
heat,  and  in  addition  the  temperature  is  diminished  much  by 
evaporation  from  the  skin.  The  natives  of  India  appear  to  per- 
spire much  less  than  Europeans,  but  because  more  of  the  perspira- 
tion passes  from  them  in  the  form  of  vapor. 

3.  JSclectic  Physical  Geography ;  by  Russbll  Hinman.  382 
pp.  12mo,  with  numerous  colored  maps  and  other  illustrations. 
Cincinnati,  1888.  (Van  Antwerp  <&  Brage). — This  volume, 
although  small,  gives  an  excellent  review  of  the  different  topics 
embraced  under  the  head  of  Physical  Geography.  The  defini- 
tions and  explanations  are  clear  and  well  presented,  though  some- 
times too  brief ;  the  illustrations  are  very  numerous  and  of  supe- 
rior quality,  and  the  press  work  and  general  style  of  the  volume 
of  high  credit  to  the  printers  and  publishers. 

Index  to  the  Literature  of  the  Spectroscope  by  A.  Tuckerman,  Ph.D.  424  pp. 
8yo.     1888.    SmithRonian  Institution,  No.  658.     Washington,  D.  C. 

The  Constants  of  Nature.  Part  I,  A  table  of  specific  gravity  for  Solids  and 
Liquids.  New  edition  revised  and  enlarged.  By  P.  W.  Clarke,  Chief  Chemist 
U.  S.  Geological  Survey.  410  pp.  8vo.  1888.  Smithsonian  Institution,  No.  659. 
Washington,  D.  C. 

Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences.  YoL  YII, 
Part  2.  pp.  261  to  464.  closing  the  volume.  New  Haven,  Conn.,  1888.  The 
pages  are  occupied  by  six  chemico-physiological  papers  covering  1 80  pages,  by 
Prof.  R.  H.  Chittenden,  and  M.  T.  Hutchinson,  Prof.  C.  and  J.  A.  Blake,  Prof.  C. 
and  H.  H.  Whitehouse,  Prof.  C.  and  P.  R.  Bolton,  Prof.  C.  and  H.  M.  Painter, 
and  Prof.  C.  and  G.  W.  Cummins.  These  papers  are  followed  by  one  of  16 
pag^s  on  New  England  Spiders  of  the  Family  CiniflonidaB,  by  J.  H.  Emerton, 
illustrated  by  three  plates — 9  to  11. 

OBITUARY. 

Silas  Stearns. -^Mr.  Silas  Stearns,  ichthyologist,  and  an  effi- 
cient agent  of  the  United  States  Fish  Commission,  died  in  Ashe- 
ville,  N.  C,  August  2,  1888.  He  was  born  at  Bath,  Maine,  on 
the  13th  of  May,  1859,  and  in  the  schools  of  that  place  received 
his  early  education. 
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In  1876  he  went  to  Pensacola,  Florida,  and  there  became  asso- 
ciated with  his  brother-in-law,  Mr.  A.  F.  Warren,  in  business. 
But  he  began  there  also  his  study  of  fishes  and  other  species  of 
the  waters  \  and  through  his  various  excursions  he  became  fanul- 
iar  with  all  the  ins  and  outs  of  the  coast  from  Pensacola  to  Key 
West.  In  1878  he  visited  the  Smithsonian  Institation,  and  by 
his  thorough  and  exact  knowledge  with  regard  to  the  fishes  of 
the  Gulf,  their  habits  and  their  economic  value,  he  attracted  spe- 
cial attention  from  Professor  Haird,  Mr.  Goode  and  others.  The 
following  year  he  spent  at  Watorville,  Me.,  in  classical  studies  at 
the  Academy,  for  the  benefit  they  might  be  to  him  as  regards 
scientific  nomenclature — showing  thereby  that  earnestness  and 
energy  of  character  which  was  an  assurance  of  future  success  and 
honor.  Failing  health  compelled  him  to  return  to  Florida,  and  in 
1880  he  became  a  special  agent  of  the  U.  S.  Fish  Commission, 
and  also  of  the  U.  S.  Census  Bureau,  in  charge  of  investigations 
of  the  marine  industries  of  the  Gulf  of  Mexico.  His  reports  show 
that  his  work  was  performed  with  accuracy  and  fidelity.  From 
this  time  his  contributions  to  the  Fish  Commission  became  nu- 
merous and  large,  as  the  Annual  Reports  of  the  Commission  show. 
Upwards  of  fifty  new  species  of  fishes  were  discovered  by  him  or 
through  his  help,  embracing  much  of  what  is  known  of  the  deep- 
water  fishes  of  the  Gulf;  and  four  of  the  species — of  the  genera 
Lutjanus,  Scorpaena,  Blennius  and  Prionotus — bear  his  name. 
During  these  years  in  Florida  naturalists  investigating  the  fauns 
of  the  Gulf  of  Mexico  have  had  his  untiring  aid,  and  most 
of  them  were  guests  under  his  roof  and  sailed  in  his  boaU 
on  their  Qollecting  tours.  They  found  in  him  a  generous  and 
most  estimable  friend. 

In  1886  Mr.  Stearns  was  married  to  Miss  Hays,  of  St.  George, 
Maine.     He  leaves  no  children.  david  starr  jordax. 

R.  Clausius. — Professor  Clausius,  the  great  mathematician 
and  physicist,  died  on  the  24th  of  August  in  his  67th  year.  "His 
death  takes  away  one  of  the  world's  deepest  thinkers,  the  value 
of  whose  contributions  to  physical  science  cannot  be  overesti- 
mated. The  present  development  of  thermodynamics  is  due  to 
a  large  extent  to  his  labors,  in  which  field  his  investigation^^ 
were  numerous  and  profound.  His  work  extended  also  over 
other  branches  of  mathematical  physics.  His  published  papers 
number  considerably  over  a  hundred.  He  was  also  a  most  suc- 
cessful teacher  and  since  1869  has  been  a  center  of  attraction  at 
the  University  of  Bonn. 

Richard  A.  Proctor. — Professor  Proctor,  the  English  astron- 
omer, died  on  the  1 2th  September  in  his  52d  year.  He  has  been 
best  known  as  a  lecturer  and  po})ular  writer  upon  astronomical 
and  kindred  subjects. 

Philip  Hexry  Gosse,  F.R.S.,  the  eminent  English  zoologist, 
died  on  the  2'7th  of  August  in  his  seventy-ninth  year. 

M.  Henri  Debray,  the  French  chemist,  died  on  the  19th  of 
■July,  in  his  sixty-first  year. 
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Art.  XXXIII. — On  the  Deflection  of  ike  Pl/umh-line  and 
Variations  of  Gra/vity  in  the  Hawaiian  I%lamds;  by  E.  D. 
Preston,  Snb- Assistant,  U.  S.  Coast  and  Geodetic  Survey. 

[Published  by  permiBsion  of  the  SuperinteDdent  of  the  U.  S.  Coast  and  Geodetic 

Survey,] 

On  the  return  of  the  Solar  Eclipse  Expedition  from  the 
South  Seas,  in  1883,  two  of  the  party  stopped  in  the  Sand- 
wich Islands  for  the  purpose  of  determining  the  force  of  grav- 
ity. An  old  pendulum  station  on  the  island  of  Maui,  occupied 
by  DeFreycinet  in  1819,  was  the  point  chosen.  While  there 
the  latitude  of  the  place  was  determined  with  precision,  by 
the  method  of  equal  zenith  distances.  This  latitude  was  car- 
ried back  by  triangulation  to  Honolulu  by  Professor  Alexan- 
der, the  Surveyor-General  of  the  islands.  It  was  there  com- 
pared with  the  local  astronomical  latitude  as  given  by  Captain 
Tupman,  of  the  British  Transit  of  Venus  Expedition  of  1874. 
Their  comparison  revealed  a  discrepancy,— quite  incompatible 
with  the  accuracy  of  the  work, — as  shown  either  by  tne  star 
observations  at  the  terminal  points,  or  by  the  triangulation 
connecting  them.  This  seemed  to  prove,  as  indeed  had  long 
been  suspected  by  Professor  Alexander,  that  there  were  un- 
nsnal  plumb-line  deflections.  Both  the  excess  of  matter  in  the 
high  mountain  masses  above,  and  the  defect  of  matter  in  the 
deep  sea  below,  would  indicate  this. 
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In  view  of  the  importance  of  the  determination  of  these 
deflections  in  the  survey  of  the  islands,  as  well  as  the  general 
scientific  interest  in  the  subject,  the  Hawaiian  government 
was  led  to  ask  the  cooperation  of  the  United  States  in  the 
work  of  determining  with  .precision  a  number  of  astronomical 
latitudes.  Accordingly,  in  December,  1886,  with  the  sanction 
of  the  Honorable  Secretary  of  the  Treasury,  the  Superintend- 
ent of  the  Coast  and  Geoaetic  Survey  loaned  the  necessary  in- 
struments, and  granted  one  of  the  members  of  the  service  a 
leave  of  absence  long  enough  to  make  the  observations  On 
the  part  of  the  Hawaiian  Survey,  Messrs.  F.  S.  Dodge  and  W. 
A.  Wall  assisted  in  the  gravity  observations.  Mr.  liVall  was 
permanently  attached  to  tne  party  and  recorded  all  the  latitude 
work. 

The  credit  of  the  work,  therefore,  belongs  in  part  to  both 
governments.  The  Island  Survey  bore  all  the  expenses,  and 
selected  the  stations ;  the  Coast  and  Geodetic  Survey  loaned 
the  instruments,  furnished  the  observer,  and  is  making  the 
computations. 

Later  it  was  thought  desirable  to  supplement  the  latitude 
work,  by  the  determination  of  the  force  of  gravity  on  the  top 
of  one  of  the  mountains,  and  at  the  sea-leveL  This  would 
give  a  check  on  the  deflections  determined  at  the  foot  of  the 
mountain,  by  means  of  the  zenith  telescope.  For,  whether 
there  exist  great  caverns  under  the  visible  surface  or  not,  the 
pendulum  will  give  us  a  value  for  the  mean  density  of  the  whole 
mass.  Then,  knowing  the  volume  and  density,  it  is  a  simple 
arithmetical  process  to  find  its  influence  on  the  plumb-line  sus- 
pended at  a  given  distance  from  it.  The  liberality  of  the 
Hawaiian  government  can  only  be  commended  when  we  find  it 
devoting  time  and  money  to  the  solution  of  scientific  questions 
in  which  the  rest  of  the  world  is  quite  as  much  interested. 

The  scope  of  the  work  was  as  follows :  Fourteen  latitude 
stations  were  to  be  established  on  the  four  principal  islands  of 
the  ^roup,  viz :  Kauai,  Oahu,  Maui  and  Hawaii.  These  were 
di8tril)uted  in  such  a  manner  as  to  bring  out  the  deflections  of 
the  plumb-line ;  being  in  general  north  and  south  of  the  high 
mountains.  At  each  one  of  these  stations  it  was  proposed  t4) 
observe  thirty-three  pairs  of  stars  on  three  successive  nights; 
which  would  bring  the  probable  error  of  the  resulting  latitude 
below  one-tenth  of  a  second  of  arc. 

Practically,  however,  this  plan  could  not  be  rigidly  adhered 
to.  At  all  the  windward  stations  the  weather  was  very  un- 
favorable for  astronomical  observations.  At  Kohala  the  wind 
was  always  too  strong  to  allow  us  to  pitch  a  tent  in  which  ia 
live.  An  old  sugar  storehouse,  long  since  abandoned,  served 
instead.     At  Hilo,  where  the  rain-fall  is  sixteen  feet  in  one 
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year — and  this  all  falls  during  the  time  the  trades  blow — only  one 
^ood  night's  observation  could  be  obtained  in  a  month's  stay. 
At  Ka  I^e  the  station  was  eight  miles  from  the  water  supply ; 
the  road  leading  part  of  the  way  over  the  rough  lava  Imown 
as  the  ^'  aa."  AH  these  circumstances  made  it  necessary  to 
make  the  best  possible  use  of  cood  weather,  when  so  favored^ 
and  not  unf requently  over  one  nundred  pairs  of  stars  were  se- 
lected for  observation  on  a  single  night.  The  greatest  number 
obtained,  however,  was  seventy-five,  these  being  taken  at 
Kaupo  in  less  than  eight  hours'  observing.  Satisfactory  work 
was  done,  allowing  only  one  minute  and  a  half  between  pairs, 
and  thirty  seconds  between  stars  of  the  same  pair.  In  this 
time  the  micrometer  was  read  and  the  instrument  revolved 
180®  in  azimuth.  The  whole  number  of  observations  was 
about  1500,  being  on  the  average  more  than  one  hundred  for 
each  station. 

The  mean  places  of  these  stars  are  being  deduced  by  Mr. 
Henry  Farquhar,  at  the  Coast  Survey  office,  and  will  be  very 
reliable — about  twenty  of  the  best  modem  catalogues  being 
consulted.  Many  of  the  stations,  however,  being  nearly  in  the 
same  latitude,  pairs  of  stars  occur  which  are  common  to  sev- 
eral places ;  so  that  the  difference  of  latitude  of  these  stations 
is  independent  of  any  error  in  the  declinations. 

For  the  gravity  work  two  pendulums  were  supplied  by  the 
Coast  and  &eodetic  Survey.  They  were  of  the  reversible  pat- 
tern one  measuring  a  meter  between  the  knife  edges  and  the 
other  a  yard.  They  were  to  be  swung  on  top  of  one  of  the 
mountains,  at  the  sea  level,  and  at  Honolulu,  to  connect  the 
work  with  that  done  in  1883  by  the  U.  S.  Eclipse  Expedition. 

The  mountain  chosen  was  Etaleakala  on  the  island  of  Maui. 
It  rises  slightly  over  ten  thousand  feet  above  the  sea  and  has 
on  its  summit  one  of  the  largest  extinct  craters  of  the  world : — the 
crater  itself  being  half  a  mile  deep  and  twenty  miles  in  cir- 
cumference. At  the  southwestern  corner  of  this  gigantic  pit 
and  within  fifty  feet  of  its  perpendicular  walls  the  instruments 
were  set  up  and  the  force  of  gravity  determined. 

The  Yard  Pendulum  is  common  to  both  the  determinations 
of  1883  and  those  of  1887. 

The  scheme  for  conducting  the  observations  was  identical 
for  each  station  and  was  strictly  adhered  to  as  far  as  the  circum- 
stances would  permit.  The  pendulum  was  swung  day  and 
night  without  interruption  from  the  beginning  to  the  end  of 
the  observations.  Stars  were  first  obtained  for  time,  and  the 
pendulum  was  started  at  the  time  of  reversing  the  telescope. 
This  being  the  mean  epoch  of  the  star  observations,  the  oscilla- 
tions were  thus  referred  directly  to  the  stars  without  depend- 
ing on  the  rate  of  the  chronometer.     The  same  stars  when 
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possible  being  observed  on  snccessiye  nights,  the  errors  in  right 
ascension  were  also  in  a  great  measure  eliminated. 

Six  swings  were  made  with  the  heavy  end  down.  The  peD- 
dalum  was  then  revolved  180°  around  its  longitudinal  axis, 
and  six  more  swings  were  made.  It  was  then  reversed  end 
for  end,  and  the  same  number  of  swings  made  with  the  hea?y 
end  up.  This  completed  the  work  with  one  pendulum.  The 
other  was  observed  similarly,  and  stars  were  obtained  every 
night — ^the  mean  epoch,  as  usual,  being  at  the  time  of  begin- 
ning a  new  series  oi  oscillations  with  the  pendulum. 

Tne  time  was  determined  with  a  meridian  telescope^the 
transits  of  stars  as  well  as  those  for  the  pendulum  being  regis- 
tered  on  a  Fauth  chronograph.  Two  small  cells  supplied  the 
electric  circuit  in  which  were  placed  the  chronograph,  a  side- 
real chronometer,  and  two  observing  keys.  The  chronometer 
broke  the  circuit  every  two  seconds. 

The  knife-edge  plane  of  the  pendulum  head  was  made  level 
The  precaution  was  taken  to  han^  a  weight  equal  to  the  pen- 
dulum on  the  projecting  arm  dunng  the  operation,  to  see  that 
no  appreciable  denection  was  caused.  A  similar  test  was  made 
for  the  whole  support  The  barometers  were  carefully  com- 
pared with  Signal  Service  standards.  The  thermometers 
which  were  made  by  Baudin,  and  can  be  read  to  hundredths  of 
a  degree  centigrade,  had  their  corrections  determined  in  this 
country  both  before  and  after  the  expedition.  The  zero  point 
of  one  of  them  was  determined  in  the  islands,  and  they  were 
compared  on  the  mountain  immediately  after  the  experiments 
were  concluded. 

Although  Haleakala  is  in  the  tropics  and  was  occupied  in 
midsummer,  we  found  great  ranges  of  temperature  on  the 
summit.  Ice  was  formea  at  night  to  the  thickness  of  quarter 
of  an  inch.  The  clouds  do  not  usually  come  within  several 
thousand  feet  of  the  top,  which  gave  us  a  clear  atmosphere  for 
the  astronomical  part  of  the  work.  Indeed  many  stars  were 
observed  before  sundown  with  a  telescope  of  2^  inches  aper- 
ture and  magnifying  power  of  70.  One  low  star  for  azimuth 
and  four  high  ones  for  time  were  taken  before  reversing  the 
telescope.  The  same  program  after  reversal,  completea  the 
evening's  observations — the  usual  level  readings  being  made  as 
often  as  possible  during  the  work. 

It  was  found  impracticable  to  carry  the  pendulum  stand  to 
the  summit ;  but  a  better  natural  support  was  found,  and  the 
pendulums  were  swung  in  a  cavity  between  two  rocks.  This 
opening  was  closed  behind  by  masonry  laid  in  cement,  and  be- 
fore by  tarpaulins,  blankets,  and  dry  masonry.  The  room  thus 
formed  was  about  nine  feet  high  by  3^  feet  in  diameter  and 
gave  a  quite  unifonn  temperature. 
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These  conditioDs  were  mach  more  favorable  than  those  that 
ivould  have  resulted  from  carrying  out  the  first  conceived  plan 
>f  taking  a  stand  to  the  top  ana  swinging  in  a  double  tent. 
So  more  perfect  support  could  be  had  than  a  two  inch  plank 
mbedded  in  solid  masonry,  and  a  cavern  protected  on  three 
ides  by  twenty  feet  of  rock  gives  exceptionally  good  tempera- 
ore  conditions.  The  support  in  its  essential  features  was  the 
;ame  for  all  three  stations. 

Three  thermometers  placed  near  the  top,  middle,  and  bottom 
)f  the  room  were  used  throughout  the  work.  The  one  below 
¥as  attached  to  a  brass  rod,  and  the  rod  and  thermometer  were 
mdosed  in  tin  foil — thus  insuring  as  far  as  possible  the  same 
^mperature  for  both.  The  brass  rod  and  the  pendulum  being 
)f  tne  same  metal,  the  lower  thermometer  was  supposed  to 
ndicate  the  true  temperature  of  the  pendulum  at  its  lower 
md.  This  thermometer  was  read  continuously  throughout  the 
iwing.  The  middle  and  upper  ones  were  only  read  when  it 
«ra8  necessary  to  enter  the  room  to  start  the  pendulum.  By 
;hi8  means  we  get  a  very  accurate  idea  of  what  the  real  tem- 
perature is,  throughout  the  whole  length  of  the  bar.  *  At  one 
station  a  fourth  thermometer  was  employed  which  gave  the 
:emperature  of  the  air  in  the  immediate  neighborhood  of  the 
ittached  thermometer  and  rod.  When  these  means  are  em- 
ployed it  is  hard  to  believe  that  an  error  in  the  mean  tempera- 
ture of  the  whole  pendulum  can  be  made  as  great  as  one-tenth 
)f  one  degree.  The  influence  of  such  an  error  is  quite  within 
;he  general  range  of  errors  of  observation,  or  accidental  errors 
)eyond  our  control. 

The  oscillations  were  observed  from  the  transit  tent  twelve 
•eet  distant  by  means  of  a  small  theodolite.  A  window  of 
>late  glass  was  built  in  the  wall  of  the  pendulum  house,  and 
ihrongh  it  the  observations  of  transits,  amplitude  of  arc,  and 
ower  thermometer  were  mada 

Each  swing  with  heavv  end  down  was  made  to  consist  of 
15000  oscillations,  beginning  with  an  amplitude  of  -^  of  the 
"adius.  The  instant  marking  the  beginning  of  the  swing  was 
letermined  by  forty  transits  across  the  vertical  wire  of  the  tele- 
cope.  The  probable  error  of  the  mean  of  this  number  of  tran- 
sits is  considerably  less  than  one  hundredth  of  a  second.  After 
he  pendulum  had  swung  for  four  or  five  thousand  oscillations, 
k  few  additional  transits  were  taken  in  order  that  there  might 
)e  no  mistake  in  the  whole  number  of  oscillations  made.  At 
he  end  of  every  hour  and  a  half  is  quite  often  enough  to  take 
he  intermediate  transits,  because  the  uncertainty  in  the  deter- 
nination  of  one  oscillation,  does  not,  in  this  time,  accumulate 
o  be  more  than  half  a  second  at  most ;  and  inasmuch  as  tran- 
lits  always  begin  with  the  pendulum  moving  in  the  same  direc- 
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tioD,  we  know  that  the  whole  nninber  of  oecQlationB  is  even. 
Hence  the  nncertainty  of  half  a  second  throws  no  doubt  on 
the  number  made.  However,  if  the  variations  in  temperature 
are  excessive,  it  may  be  necessary  to  take  this  into  aooonnt 
when  the  intervals  are  long ;  for  example,  one  decree  centi- 
grade changes  the  time  of  oscillation  by  one  hondred  thou- 
fiandth  part  of  a  second  ;  therefore  an  interval  of  15000  oscilla- 
tions, in  which  there  was  a  chan^  of  say  6®,  would  be  differ- 
ent from  the  normal  period  by  about  f  of  a  second ;  and  this 
with  the  uncertainties  arising  from  the  other  varying  condi- 
tions, would  make  it  extremely  doubtful,  how  many  oscillations 
were  actually  observed.  But  if  intermediate  transits  are  taken 
everv'  two  hours,  none  of  the  conditions  can  change  enough  to 
endanger  the  count. 

The  observations  are  reduced  to  similar  conditions  at  the 
different  stations,  as  regards  temperature  of  the  pendulum, 
pressure  of  the  atmosphere,  amplitude  of  oscillation,  and  rate 
of  time  piece.  The  temperature  and  pressure  coefficients  are 
those  employed  by  Professor  C.  S.  Peirce,  and  which  he  de- 
termined experimentally  for  these  particular  pendulums.  The 
corrections  lor  arc  were  calculated  by  several  different  formula?, 
all  of  which  however  gave  practically  the  same  result  That 
of  Borda  was  given  the  preierence  on  account  of  the  rapidity 
with  which  the  numerical  computations  could  be  performed. 
It  supposes  that  the  arcs  decrease  in  a  geometrical  ratio,  while 
the  time  increases  in  an  arithmetical  one.  Peirce's  formula 
assumes  that  the  diflferential  coeflScient  of  the  arc,  with  refer- 
ence to  the  time  as  the  independent  variable,  may  be  expressed 
in  terms  of  the  ascending  powers  of  the  arc  and  constants. 
These  constants  are  to  be  determined  from  the  curves  of  decre- 
ment themselves,  for  each  set  of  swings  ;  or  in  case  no  abnor- 
mal decrement  occurs,  mean  values  for  the  constants  may  1»€ 
employed  to  correct  all  tlie  swings.  Weddle's  rule,  which  finds 
a  value  for  the  mean  square  from  six  equidistant  values,  gives 
approximately  the  same  result. 

The  varying  conditions  of  rate,  temperature,  pressure,  am- 
plitude, elevation,  and  latitude,  all  innuence  the  period  bv 
nearly  the  same  amount,  when  the  conditions  change  by  cer- 
tain simple  units.  One  second  per  day,  one  degree  centigrade, 
one  inch  pressure,  one  hundredth  of  the  radius  of  amplitude, 
one  hundred  meters  of  elevation  and  ten  minutes  of  latitude, 
all  changing  the  period  of  a  seconds  pendulum  by  about  one 
hundred  thousandth  part  of  itself. 

In  the  determination  of  diflferential  suavity  much  labor  can 
be  saved  by  beginning  eacli  swing  at  tTie  same  amplitude,  and 
making  it  consist  of  the  same  number  of  oscillations.  This 
makes  the  corrections  for  arc  the  same  for  all,  and  in  the 
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:;ermination  of  periode,  it  is  only  necessary  to  deal  with 
Ferences  instead  of  the  whole  intei*yal. 
The  determination  of  the  relative  forces  of  gravity  at  the 
ye  and  summit  of  a  mountain  fives  sufficient  data  for  the 
nputation  of  the  ratio  existing  between  the  mean  density  of 
i  mountain  and  that  of  the  earth. 

Whether  we  consider  the  matter  lying  between  the  summit 
i  the  base,  as  a  cone,  a  cylinder,  or  the  se^ent  of  a  spherp, 
I  mathematical  expression  for  its  attraction  on  the  upper 
tion  is  approximately  the  same,  when  the  horizontal  dimen- 
ns  of  the  ngure  are  great  compared  with  the  vertical  ones, 
[n  passing  from  the  sea  level  to  the  top  of  Haleakala,  the 
le  of  oscillation  was  found  to  have  increased  by  its  inW^^ 
rt,  or  since  gravity  varies  inversely  as  the  square  of  the  time 
oscillation,  the  decrease  of  gravity  in  passing  to  the  summit 
T Att^^  part  of  itself. 

The  two  stations  are  not  in  the  same  latitude,  nor  is  the 
se  station  exactly  at  the  sea  level ;  but  corrections  were  first 
plied  to  make  them  comparable  as  to  latitude.  The  time  of 
;illation  at  the  base  station  was  also  reduced  to  what  it  would 
ve  been  at  the  level,  of  the  sea. 

On  account  of  distance  alone  we  should  expect  the  pendu- 
n  to  lose  41  seconds  per  day  on  being  transported  from  the 
I  to  the  summit.  As  a  matter  of  fact  it  was  observed  to  lose 
ly  28  seconds.  Hence  the  mass  of  the  mountain  accelerated 
3  pendulum  by  13  seconds  daily. 

Employing  Young's  rule  we  arrive  at  a  value  of  48  hun- 
jdths  for  the  ratio  of  the  mean  density  of  the  mountain  to 
it  of  the  earth.  Assuming  the  earth's  density  to  be  5*67  the 
iulting  density  of  the  mountain  becomes  24. 
This  is  not  very  far  from  the  estimated  density  of  the  rocks 
mposing  the  mass,  so  that  this  determination  does  not  indi- 
;e  any  Targe  cavern  under  the  mountain,  or  any  very  great 
enuation  of  the  matter  composing  it  Mountains  as  a  gen- 
ii rule  show  a  defect  of  gravity  on  their  summits.  But  this 
le  has  been  deduced  from  experiments  made  on  continental 
)untains,  notably  in  Peru  ana  India.  If  we  admit  that  the 
rface  of  the  sea  is  elevated  in  the  vicinity  of  continents  by 
3  attraction  of  the  land,  mountains  need  not  necessarily  be 
pposed  light.  The  great  plateau  of  India  would  raise  the 
parent  sea  level  immediately  under  it  by  nearly  a  thousand 
3t  This  would  have  a  very  perceptible  effect  on  the  deter- 
nation  of  the  mean  density  oi  the  plateau.  But  in  the  case 
a  mountain  rising  in  the  midst  of  a  deep  sea  the  surface 
anot  be  supposed  to  be  influenced  enough  to  materially  affect 
B  determination  of  its  density.  In  fact  a  plateau  having  an 
tent  equal  to  Haleakala  and  a  height  equal  to  its  mean  height 
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would  only  elevate  the  apparent  sea  level  by  about  ten  feet. 
This  quantity  may  well  be  neglected  when  we  consider  that 
the  mountain  is  10,000  feet  high  and  the  mean  density  in  aDv 
case  is  not  certain  beyond  two  or  three  significant  fibres. 
Therefore  we  should  not  expect  to  find  in  mountains  m  the 
middle  of  the  Pacific  Ocean,  a  mean  density  difiEering  very 
much  from  that  indicated  by  the  rocks  found  on  the  surface.  * 

The  value  2*4  which  the  pendulums  both  agree  in  showing, 
certainly  does  not  depart  sufficiently  from  that  famished  by 
the  rocks  themselves,  to  allow  us  to  assert  that  the  mountain  is 
lighter  than  it  should  be,  or  that  thtere  is  a  defect  of  gravity  on 
its  summit  On  the  contrary,  the  indication  inclines  slightly 
to  the  other  side,  if  we  accept  2*3,  which  has  been  estimated 
by  geologists  for  the  density  of  the  rocks  on  Maui.  Between 
9500  and  10,000  feet  there  exist  rocks  of  a  comparatively 
great  density.  This  being  the  case  at  such  an  altitude,  it  is 
most  reasonable  to  suppose  a  density,  great  enough,  to  counter- 
balance the  beds  of  light  lava  and  cinder,  found  on  many  parts 
of  the  summit. 

In  order  to  have  a  check  on  the  whole  work,  as  well  as  to 
compare  pendulum  results  with  those  from  star  observations 
with  the  zenith  telescope,  the  following  plan  was  adopted: 
Latitude  stations  were  made  on  the  north  and  sonth  side  of  the 
island,  besides  an  intermediate  station  on  the  summit.  All 
these  stations  have  been  connected  by  triangulation,  as  a  regu- 
lar part  of  the  Government  Survey  by  Professor  Alexander. 
Comparing  the  astronomical  deflections  observed  on  either  side 
of  the  mountain,  with  those  calculated  from  its  volume  and 
density  as  furnished  by  the  pendulum,  we  shall  have  a  test  of 
methods  as  well  as  results  and  if  it  is  found  that  these  agree, 
we  should  feel  considerable  confidence  in  our  opinions  concern- 
ing the  constitution  of  the  crust. 

The  attraction  of  a  mountain  may  be  calculated  in  several 
ways.  The  best  and  most  accurate,  when  sufficient  data  is  at 
hand  is  that  due  to  Dr.  Hutton  and  is  briefly  this :  The  coun- 
try around  the  station  is  divided  into  compartments  by  concen- 
tric rings  and  radial  lines.  The  attraction  of  an  element  of 
matter  depends  on  its  density  and  the  square  of  its  distance 
from  the  attracted  point ;  and  we  have  as  a  result  a  formula 
which  must  be  integrated  with  reference  to  three  variables. 
The  first  integration  gives  us  a  curve  in  the  plane  of  the  base 
of  the  mountain :  after  the  second  we  have  a  vertical  curved 
surface,  and  with  the  third  results  the  volume  and  attraction  of 
one  of  our  elementary  compartments.  Performing  the  inte- 
gration then  for  azimuth,  distance,  and  elevation,  we  have  all 
tnat  is  necessary  to  compute  the  attraction  of  the  mountain  in 
the  direction  of  the  meridian  of  the  station.     Here  the  work 
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of  the  integral  calculus  ceases.  But  the  computation  of  the 
resultant  attraction  of  the  whole  mountain  is  further  facilitated, 
by  so  choosing  the  distances  between  the  circles  and  lines,  that 
each  compartment  has  a  component  in  the  direction  of  the 
meridian  depending  only  on  its  height.  Then  the  attraction 
of  one  compartment  has  only  to  be  multiplied  by  the  sum  of 
the  heights  of  the  compartments.  These  conditions  are  real- 
ized by  taking  the  azimuths  of  the  radial  lines,  such  that  their 
sines  are  in  arithmetical  progression,  and  the  lines  themselves, 
such  that  their  lengths  are  in  geometrical  progression. 
The  formula  is, 

h  r*  cos  a  dadrdz 


(r'+z')i 


and  the  final  deflection  is, 


12'' -44  ^  K/[:^^(A)-^(H)] 

In  calculating  the  deflection  at  Kaupo  the  whole  island  is 
considered  in  tnree  parts,  all  of  which  lie  to  the  north.  The 
first  is  comprised  between  the  prime  vertical  through  the  sta- 
tion and  a  semi-circumference  of  10  miles  radius.  The  second 
is  also  limited  by  the  prime  vertical  and  is  a  semi-circular  ring 
included  between  radii  of  10  and  26  miles.  The  third  takes 
in  that  part  lying  beyond  the  valley,  known  as  West  Maui 

In  the  first  part  the  ten  radii  are  in  arithmetical  progression 

the  common  difference  being  one  mile:  in  the  second  they 

11  .  /IIX** 

have  a  ratio  of  —- :  the  radius  of  the  nth  circle  being  10  X  ( —  ) 

or  >  ^^^.  miles.     In  the  third  they  are  chosen  arbitrarily  de- 
pending on  the  configuration  of  the  ground. 

Kadial  lines  are  now  drawn  from  Kaupo  as  a  center  and 
making  angles  with  the  meridian  line  whose  sines  have  a  con- 
stant difference  of  one-tenth.  This  divides  the  whole  island 
into  318  compartments,  the  mean  heights  of  which  are  de- 
termined from  contour  lines.*  The  first  series  of  circles 
extends  to  the  summit  and  includes  the  great  crater. 
Within  this  limit,  which  makes  up  about  J  the  whole  surface 
of  the  island,  we  have  more  than  f  the  whole  attractive  force. 
Tlie  second  series  goes  to  the  valley,  and  practically  includes 
all  the  remainder  of  the  attraction.  In  computing  the  effect 
of  West  Maui  the  mountain  is  divided  into  two  segments  and 
a  mean  height  is  assumed  for  each  :  giving  those  parts  nearest 
the  attracted  point  greater  weight.     These  heights  are  about 

♦Kindly  furnished  by  Prof.  0.  H.  Hitchcock. 
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2500  and  1500  feet  and  the  resulting  deflection  is  only  i  of  a 
second.  This  value  compared  with  the  total  deflection  caused 
by  East  Maui  shows  that  the  approximate  data  used  for  this 
distant  part  of  the  island  are  quite  accurate  enough.  For  a 
change  of  10  miles  in  the  distance  or  10^  in  the  azimuth  only 
changes  the  deflection  by  a  few  hundredths  of  a  second.  A 
difference  of  500  feet  in  elevation  has  about  an  equal  influence. 
The  distance  of  the  center  of  West  Maui  from  Kaupo  is  35 
miles  and  its  mean  azimuth  55^. 

That  part  of  the  island  lying  to  the  south  of  the  prime  ver- 
tical is  neglected.  A  computation  of  one  of  the  compart- 
ments giving  only  a  deflection  of  '''002 ;  besides  whatever  in- 
fluence this  land  may  have,  is  practically  destroyed  by  the  light 
sea  lying  north  of  the  prime  vertical  on  the  east,  as  the  two 
portions  are  nearly  the  same  shape  and  size. 

The  sea  lying  to  the  southward  will  have  the  same  influence 
as  a  volume  of  density  equal  to  the  difference  of  densities  of 
rock  and  sea  water.  Supposing  the  mountain  to  continue  to 
the  bed  of  the  ocean,  with  the  same  slope  that  it  has  from  the 
summit  to  Kaupo,  gives  a  cone  of  density  of  rock  minus  water, 
and  volume  equal  to  Haleakala,  making  up  nearly  all  the  disturb- 
ing effect.  Hence  we  multiply  the  deflection  found  for  the 
mountain  by  a  factor  depending  on  the  relative  densities  of 
rock  and  water.  Increasing  the  total  deflection  found  or  17"*8 
by  iV  of  itself  we  get  29'''1  as  the  entire  deviation  of  the 
plumb  line  at  Kaupo.  The  deflection  found  by  triangulation  was 
29".  This  mode  of  computation  is  the  same  as  that  employed 
by  the  Ordinance  Survey  in  the  treatment  of  deflections  in 
the  south  of  England.  A  shorter  way  and  one  that  can  be 
employed  for  an  approximate  value  in  some  cases,  is  to  con- 
sider the  mountain  as  a  paraboloid  of  revolution.  This  wa^ 
done  for  Haleakala  using  the  mean  density  furnished  by  the 
pendulum,  and  a  value  for  the  mass  of  the  earth,  previously 
employed  in  investigations  of  this  kind.  These  data  give  for 
the  deflection  at  Kaupo,  (Ka  Lae  o  Ka  Ilio)  a  station  on  the 
south  side  of  the  mountain,  28  seconds,  which  is  within  one 
second  of  what  was  found  by  Prof.  Alexander  who  carried  the 
astronomical  latitude  of  Hailku  around  the  island,  by  triangula- 
tion to  Kaupo,  and  there  compared  it  with  the  locally  deter- 
mined latitude.  Of  course  this  very  close  agreement  is  onlj 
accidental  because  the  data  used  are  but  approximate  and  the 
mountain  is  not  a  perfect  paraboloid  of  revolution.  In  fact 
by  this  method  the  deflections  cannot  be  known  closer  than  a 
few  seconds :  for  an  uncertainty  of  a  quarter  of  a  mile  either 
in  fixing  the  radius  of  the  mountain  or  in  estimating  the  dis- 
tance of  the  attracted  point  from  the  center  of  what  would  be 
an  equivalent  paraboloid,  will  produce  an  uncertainty  of  at 
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several  seconds,  for  a  mountain  equal  to  the  one  under 
deration. 

3wever,  when  the  difference  between  the  astronomical  and 
etic  latitudes  is  nearly  a  minute  of  arc,  this  method  will 
a  value  for  the  ratio  of  the  density  of  the  mountain,  to 
of  the  earth,  in  which  the  error  is  not  greater  than  one- 
1  of  the  whole  amount.  The  difference  between  Play- 
\  reduction  of  the  observations  on  Schiehallien  and  the 
rally  accepted  value  is  about  one-fifth  of  the  whole, 
le  last  eruptions  from  Haleakala  took  place  at  least  many 
Ired  years  ago.  The  natives  have  no  traditions  bearing 
le  fact ;  and  geologists  believe  that  the  immense  crater  has 
5  to  its  pi'esent  condition  by  the  sinking  in  of  the  top  of 
nountain  and  not  by  erosion.  Both  these  would  indicate 
isity  of  the  mountain  at  least  equal  to  its  surface  density : 
ably  more.     The  pendulum  adds  testimony  iu  this  direc- 

and  the  zenith  telescope  observations  at  the  foot  of  the 
ntain,  indicate  the  same  thing. 

lerefore  we  may  assert  that  the  defect  of  gravity,  usually 
d  on  continental  mountains,  does  not  apply  to  those  on 
1  islands  in  the  middle  of  a  deep  sea.  whether  this  sup- 
d  defect  is  caused  by  assuming  an  incorrect  mean  sea  level, 
whether  the  mountains  are  indeed  only  vertically  and  not 
sontally  displaced  matter,  we  cannot  now  state.  Botll 
38  may  exist :  one  certainly  does. 

a  the  Island  of  Hawaii  there  appears  to  be  a  striking  ex- 
le  of  plumb-line  deflections.  At  Kohala  we  have  a  deflec- 
of  half  a  minute  towards  the  south,  and  at  Hilo,  one,  of 
ter  of  a  minute  towards  the  north.  These  points  are  both 
le  windward  coast  and  are  distant  from  each  other  about 
'  miles. 

is  easy  to  see  why  there  should  be  one  to  the  southward, 
Lohala,  for  the  great  mountain  masses  of  Mauna  Kea, 
Da  Loa  and  Hnalalai  would  all  have  this  influence.  But 
ilo  there  is  no  explanation  unless  we  assume  that  the  south 
of  the  island,  where  the  volcanoes  are  active,  is  much  less 
e  than  the  north  side,  where  the  tires  have  been  slumber- 
OT  centuries. 

general  the  deflections  everywhere  in  the  islands  are 
ter  than  we  expect,  judging  from  analogy  with  (Jonti- 
al  masses :  but  here  we  have  a  surrounding  sea  which  is 
b  lighter  than  the  land  on  which  the  continental  moun- 

rest ;  and  it  is  a  question  whether  the  sea  bottom  is  really 

much  more  dense  than  the  average  land.  If  the  earth  in 
ifying  has  simply  contracted  unequally,  and  if  each  prism, 
Qg  its  base  on  the  surface  and  its  apex  at  the  center,  con- 

the  same  amount  of  matter,  this  would  not  make  the  bed 
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of  the  ocean  very  much  more  dense  than  the  land.  The  depth 
of  the  ocean  is  about  jA-q^  of  the  earth's  radius,  and  the  vol- 
ume of  the  prism  would  therefore  be  decreased  by  its  jijti 
part.  Hence,  if  we  have  the  same  amount  of  matter,  the  den- 
sity should  change  by  such  amount  This  is  entirely  inade- 
quate to  counteract  the  effect  of  the  light  matter  above,  or  ma- 
terially change  the  deflections  brought  to  light  by  the  zenith 
telescope  or  by  the  pendulum. 

It  has  been  found  that  variations  that  arise  from  hidden 
causes  under  the  Himalayas  are  two  or  three  times  as  great  as 
those  that  arise  from  the  mountains  themselves.  The  compu- 
tations on  which  this  result  rests  assume  Youngs  rale,  and 
take  the  ratio  of  the  surface  density  to  the  mean  density  to  be 
oue-half.  Besides,  it  is  well  known  that  the  rule  supposes  the 
matter  lying  under  the  station  to  be  a  plain  of  infimte  extent 
The  same  rule  has  been  applied  to  mountains,  supposing  them 
to  be  either  cones,  cylinders  or  the  segments  of  a  sphere.  Ev- 
idently, in  these  latter  cases,  the  error  is  in  the  direction  of 
making  gravity  on  top  of  a  mountain  too  great,  because  the 
rule  corrects  additively  for  too  great  an  amount  of  matter. 
In  fact,  to  suit  Haleakala,  the  constant  factor  in  Young's  for- 
mula should  be  changed  from  1*25  to  1*36,  and  we  should  have 

where  the  factor  ^  of  the  ordinary  formula  is  here  replaced 

by  f. 

This  increase  of  the  factor  seems  at  first  a  paradox — but  we 
must  remember  that  the  essential  tendency  of  gravity  is  to  di- 
minish a8  we  rise,  and  that  any  correction  for  matter  is  a  posi- 
tive quantity  which  must  be  added  to  this  negative  correction. 
Hence,  for  a  cone,  which  contains  less  matter  than  the  plain, 
the  decrease  of  gravity  should  be  greater,  or  the  factor  which 
corrects  for  the  matter  should  be  greater. 

In  fact,  the  factor  that  corrects  for  an  infinite  plain  has  only 
to  be  multiplied  by  a  quantity  depending  on  the  cosine  of  the 
vertical  angle  of  the  cone  to  make  it  applicable  to  this  figure. 
Supposing  tlie  cone  to  have  a  vertical  angle  of  180®,  the  two 
formulae  coincide,  as  they  should  do,  since  in  this  case  oar 
cono^ becomes  an  infinite  plain. 

Using  the  new  formula 

to  get  an  improved  mean  density  we  arrive  at  2*8 — the  de- 
crease of  gravity  shown  by  the  pendulums  indicating  a  ratio  of 
exactly  i  for  the  two  densities :  gravity  is  first  corrected  for 
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ion,  the  downward  attraction  of  the  cone  is  then  added, 
lis  compared  with  the  actually  observed  decrease  gives  its 

y- 

J  eonclasions  drawn  from  the  observations  are  therefore  : 
Reflections  of  the  plumb-line  are  greater  on  island  than 
itinental  mountains,  presumably  on  account  of  the  lighter 
inding  sea  water;  and  gravity  is  not  in  defect  because 
ere  estimated  from  the  true  sea  level  and  not  from  a  sea 
ed  by  continental  attraction. 

Deflections  appear  to  be  greater  in  the  vicinity  of  ex- 
^olcanoes  than  near  active  ones. 

The  so-called  "hidden  causes,"  which  in  the  case  of 
[imalayas  give  a  variation  of  gravity  several  times  as 
as  those  arising  from  the  attraction  of  the  mountains 
elves,  do  not  exist  in  the  Hawaiian  Islands. 


XXXI V. — Mineralogical  Notes;   by  S.  L.  Penfield 

and  E.  S.  Sperry. 

1.  Beryl. 

connection  with  the  previous  communications  on  the 
stry  of  beryl  from  this  laboratory,*  we  thought  that  it 
.  be  of  interest  to  re-examine  one  of  the  beryls  containing 
ost  alkali  to  prove  if  possible  the  correctness  of  the  as* 
ion  which  we  had  made,  that  the  alkalies  when  present 
e  the  beryllium.  For  this  purpose  we  selected  the  c»- 
beryl  from  Norway,  Maine,  which  had  been  previously 
:ed  and  described  in  one  of  our  former  papers,  and  sub- 
it  to  a  very  careful  chemical  analysis  by  Mr.  Srerry, 
results  which  are  given  below.  We  also  publish  the 
cal  analysis  of  a  transparent  yellow  beryl,  known  by  some 
ien  heryly  from  Litchfield  Co.,  Ct.,  which  is  collected  and 
ets  gem  material.  The  mineral  was  perfectly  pure  and 
jnt  to  us  bv  Mr.  Geo.  F.  Kunz,  of  New  York.  A  third 
which  we  nave  investigated  is  a  transparent  glassy  vari- 
Dm  Willimantic,  Ct.,  with  very  unusual  crystalline  habit, 
was  brought  to  our  notice  by  Mr.  H.  N.  Bill,  of  Willi- 
B,  Ct.,  who  collected  it  from  a  narrow  vein  of  coarse 
e,  at  an  excavation  for  a  roadway  on  Oak  street,  a  short 
ce  north  of  the  residence  of  Mr.  Joel  Fox.  The  speci- 
s  irregular  in  shape,  not  over  2^  inches  in  its  greatest 
ter,  it  18  clear  and  glassy  though  much  cracked  and  soiled 
titrating  clay,  and  with  the  exception  of  a  small  part, 

«  This  Jouraal,  111,  xzyiii,  2.%  and  III,  xxxii,  110. 
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where  it  was  broken  off,  is  covered  with  crystalline  facets  very 
irregularly  distributed,  so  that  the  system  of  crystallization  can 
not  readily  be  told.  The  most  prominent  face  on  the  specimen 
is  a  prismatic  face  -^n  measuring  nearly  one  square  inch  in  sur- 
face, but  with  iri'egular  contour  and  deeply  pitted  by  crystalline 
depressions  scattered  irregularly  over  its  surface.  At  either  end 
of  this  face  and  for  a  distance  of  one  half  an  inch  back,  the  ciyg- 
tal  is  terminated  by  a  series  of  dihexagonal  pyramids,  or  beryl 
loids,  in  parallel  position,  there  being  six  of  them  at  one  end 
and  four  at  the  other ;  these  run  into  one  another  in  a 
most  confusing  manner,  while  most  of  the  specimen  is  covered 
with  such  a  multitude  of  berylloid  and  prismatic  faces,  that 
their  relation  to  each  other  can  only  be  made  out  with  difS- 
culty,  which  is  further  increased  by  the  somewhat  curved  and 
dull  nature  of  the  faces,  so  that  they  give  only  poor  reflections 
on  the  goniometer.  The  forms  which  were  identified  are  as 
follows : 


m,  lolo,  / 

a,  1120,  i-2 


p,  1011,  1 
v,  2131,  3-1 


k,  4261,  6-f 
n,  3141,  A'{ 


/,  3361,  6-2 


1. 


Of  these,  n  and  p  were  identified  only  once.      The  common 
berylloid  at  the  ends  of  the  prism  is  v  with  the  points  rounded 

off  as  if  they  had  been  dissolved  away.    Where 
the  berylloids  join  the   prism,  the  steeper  k 
faces  are   common.     Fig.  1  represents  the  ar- 
rangement of  these  faces  in  a  single  ideal  crys- 
tal, while  the  specimen  in  hand  might  be  con- 
sidered as  an  aggregate  of  such  crystals,  with 
prismatic  faces   in   common  terminated   by  a 
series  of  berylloid  points.     The  whole  mass  has 
a  very  mucn  eaten  out  or  etched  appearance, 
and  the  idea  suggests  itself  that  this  unusual 
and  curious  development,  so  unlike  our  ordi- 
nary Connecticut  beryl,  has  perhaps  resulted 
from  the  action  of  some  solvent  upon  a  large 
mass  of  beryl.     Although  the  angles  obtained 
in  measuring  the  faces  are  only  approximate,  the 
best  of  them  agree  closely  with  those  calculated  irom  Kokscha- 
row's  fundamental  measurements,"*^  while  the  determination  was 
further  facilitated  by  the  occurrence  of  the  faces  in  zones. 
The  following  angles  were  measured,  and  are  given  in  the 
table,  along  with  the  calculated  values,  the  number  of  times 
that  different  faces  were  measured  and  the  limiting  values. 

*  Materinlien  zur  MiDcralogie  Russlands,  i,  147. 
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MeMnred.       Calonltted. 

v.w  3i5lA2l5l  3r34'  31' 46' 

v^v  2151^1231  18*31'  18M1' 

h^k  6241 A 42§L  36"*  28'  37°  14' 

i^*  4261  >v  2461  20*40'  20*41' 

*  a/  42§1  a  33§1  10*  36'  10"  21' 

m^v  lOlO  A  3l2l  37*  26'  37*  49' 

«»a»  10I0a4I§1  28*61'  29*    0' 

wia*  10I0a6241  26*approx.  26*    8' 

m^m  1010  A  Olio  69*49'  60*    3' 

i;  s  *  3l21  A  6241  16*  approx.  16*    6' 


No.  of  times. 
4 
4 
2 
2 
2 
2 
1 
1 
1 
1 


Limit. 
30*  67'-31*  34' 
18'  Sl'-lS"  51' 
35*  8'-36*28' 
20*  2'-20*41' 
9*  32'-10*  36' 
37*  16'-37*  25' 


The  results  of  the  chemical  analyses  of  the  three  varieties  are 
as  follows : 


I.  Norway,  Maine,     Sp.  Qr.  2*747, 

IL  Litchfield  Co.,  Ct.,  Sp.  Gr.  2716. 

m.  WiUimantic,  Ct.,    Sp.  Gr.  2726, 


Ko.  409A  in  Professor  Brush's  collection. 
No.  410  A  in  Professor  Brush's  collection. 


I.             Ratio. 

U. 

KaUo. 

in. 

BaUo. 

SiOa 

64-12         1069 

65-62 

1-093 

6672 

1095 

AlaO. 

17-89            175 

17  86 

•175 

18-40 

•180 

FeaOt 

•37 

•002 

FeO 

•16            002 

•18 

•002 

•26 

•004 

MnO 

•12 

•002 

BeO 

1213           -485 

1350 

•540 

1308 

•523 

CSaO 

1-61           ^007 

•03 

K,0 

•10        •ooi 

•12 

•001 

Na,0 

1-21           ^029 

•54 

•009 

•76 

•012 

liisO 

•75           -016 

•10 

•003 

•28 

•009 

Ign 

224            124 

2-34 

•130 

2^06 

•114 

• 

100-21 

100  54 

10079 

The  ratios  are  as  follows : 

SiO, 

:Al90t:R0    : 

H,0. 

I         1069 

•175     -539    : 

•124    or 

6 

:     0-98 

:     3-03 

:     0-70 

II        1093 

-177     -654    : 

•130    or 

6 

:     0-97 

:     304 

:     0-71 

lU      1096 

-180     •551     : 

-114    or 

6 

:     0-98 

:     302 

:     0-62 

In  the  above  ratios,  KO  includes  all  the  protoxides  (Be,  Fe, 
Mn,  Cs^  K„  Na^  Li,)0.  In  relation  to  the  alkalies,  it  will  be 
seen  that  in  analysis  I,  the  BeO  is  fully  one  per  cent  lower 
than  in  II  and  III,  while  by  a  consideration  oi  the  ratios  it 
will  be  seen  that  this  deficiency  is  fully  made  up  by  the  pres- 
ence of  a  sufficient  quantity  of  alkalies.  This  is  certainly  the 
necessary  proof  of  the  correctness  of  our  assumption  that  the 
alkalies  in  beryl  are  isomorphous  with  the  BeO.  In  analysis 
I,  if  we  neglect  the  alkalies,  the  ratio  of  SiO, :  A1,0, :  BeO  be- 
comes 6: 0*98: 2 '72.  In  analysis  II  there  is  an  unusual  quan- 
tity of  Fe,0„  which  may  account  for  the  yellow  color  oi  the 
beryl ;  however,  the  results  of  the  FeO  and  Fe,0,  determina- 
tions can  not  be  regarded  as  very  exact,  owing  to  the  difficulty 
of  decomposing  the  beryl  with  hydrofluoric  acid,  though  special 
care  was  taken  to  make  the  determination  as  exact  as  possible. 
Aside   from   the  above-mentioned   peculiarities,  the  analyses 
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present  no  special  features  which  have  not  been  noted  in  pre- 
vious papers.  The  occurrence  of  alkalies  and  water,  even  in 
our  most  transparent  and  purest  beryls,  is  well  established. 
The  water  must  still  remain  problematical.  It  has  previously 
been  determined  as  loss  on  ignition,  but  we  have  also  made  di- 
rect determinations  bv  heating  the  mineral  in  a  Gooch  tubulated 
crucible,  collecting  the  water  in  a  chloride  of  calcium  tube, 
with  special  care,  and  obtained  results  agreeing  with  the  loss  on 
ignition.  If  this  water  is  to  be  included  in  the  formula,  we 
would  suggest,  as  was  done  in  a  previous  paper,*  using  the 
usually  accepted  formula  of  beryl,  Be,Al,Si,0,„  plus  one-half 
a  molecule  of  water.  This  expresses  nearlv  the  quantity  which 
is  present,  while  the  excess,  over  0'50  H,0  in  the  above  ratios, 
may  be  accidental  or  perhaps  even  basic  water,  8H,0  being 
equivalent  to  A1,0,  and  H,0  to  BeO.  That  all  of  the  water 
is  basic  seems  to  us  improbable,  as  it  is  present  in  too  large 
proportion,  and  if  added  in  any  way  to  the  ALO,  and  BeO,  it 
would  distort  the  simple  ratio  of  SiO, :  A1,0, :  BeO  to  too 
great  an  extent.  The  excess  of  H,0  over  and  above  one-half 
a  molecule  in  the  three  analyses  is  I,  0*63  ;  II,  0*70 ;  III,  042  |>er 
cent.  Such  quantities  of  accidental  water,  as  we  may  call  it  at 
present,  are  not  uncommon  in  the  analyses  of  onr  ordinarily 
accepted  anhydrous  minerals. 

2.  JPhenacite. 

Having  proved  that  alkalies  are  almost  always  present  in 
beryl,  replacing  the  BeO,  we  decided  to  analyze  a  phenacite, 
witn  especial  reference  to  the  detection  and  estimation  of  any 
alkalies  that  might  be  present.  The  material,  which  was  fur- 
nished to  us  by  Mr.  Geo.  F.  Kunz,  of  New  York,  was  the  flat 
rhombohedral  variety  from  Topaz  Butte,  near  Florissant, 
Pike's  Peak  region,  Colorado.  All  of  the  material  was  clear 
and  colorless  and  had  a  specific  gravity  between  2*966  and 
2-957,  determined  by  means  of  the  heavy  solution.     The  analy- 


ses are 


Sperry.  Penflcld.          Mean.     Caloulatcd  f  or 

Be,Si04. 

SiOa              54-46  54-42             54*44             64-47 

BeO               46-57  46-60             46-68             46-63 

Na.jO              0-21  0-21 

LiaO  trace 

Ign.                 0-26  -26 


100-49 


The  atomic  weights  Be=9'08  and  0=15*96  were  used  in  cal- 
culating the  above  values,  while  for  Be=94  and  0=16',  the 
values  are  SiO,=5415  and  4585.  Special  care  was  taken  in 
the  determination  of  the  alkalies,  the  solutions  coming  in  oon- 

♦  This  Journal,  III,  xxxii,  110. 
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3t  with  glass  only  during  the  necessary  filtrations.      The 
^ht  trace  is  calculated  as  Na,0,  although  it  contained  traces 
lithia,  as  shown  by  the  spectroscope. 

Crystals  from  Mt.  Antero^  Colorado. — In  a  previous  paper* 
e  of  us  published  a  description  of  these  crystals  from  a  few 
ecimens  which  belonged  to  the  Kev.  R.  T.  Cross,  of  Denver, 
aring  the  summer  of  1887,  Mr.  W.  B.  Smith,  of  Denver, 
>lorado,  secured  a  large  number  of  crystals,  through  a  min- 
al  collector,  which  are  now  quite  largely  distributed  through 
ineral  cabinets.  The  difficulty  in  securing  the  specimens 
their  occurrence  at  an  altitude  of  over  12,000  feet,  at  a 
3ality  which  is  only  accessible  during  a  short  period  in  the 
mmer,  after  the  snow  has  disappeared.  The  crystals  are 
bached  to*  quartz,  transparent  beryl  (aquamarine,  sometimes 
ith  good  terminations),  and  Baveno  twins  of  orthoclase,  and 
B  associated  with  muscovite  and  octahedral  fluorite.  All  of 
e  specimens  which  we  have  seen  in  the  collections  of  Messrs. 


2. 


3. 


S.  Bement,  Geo.  J.  Brush,  W.  B.  Smith,  the  Yale  Univer- 
;y  cabinet  and  the  IT.  S.  National  Museum  show  two  prom- 
ent  developments.  One  of  these,  according  to  our  own  ob- 
rvations  and  those  of  Mr.  W.  B.  Smith,  who  has  seen  the 
eatest  number  and  variety  of  specimens  from  this  locality, 
i«rays  occurs  among  those  crystals  which  are  attached  to 
lartz  or  beryl  and  is  represented  in  its  simplest  form  in  fig. 
which  shows  the  combination  of  a  (II2O,  i-2)  and  x  (i322, 
r  i  (f-f)),  giving  a  very  interesting  form,  owing  to  the  un- 
uaJ  combination  of  a  prism  of  the  second  with  a  rhombo- 
idron  of  the  third  order ;  sometimes  there  are  associated, 
ith  these,  small  faces  of  m  (lOiO,  I),  a  (2l3l,+r  i  (S-f)) 
[10ll,+l),  and  d  (0112,  -J)  as  represented  in  figs.  4  and  5  of 
e  previous  communication. f  The  second  haoit,  which  is 
una  among  those  crystals  which  are  attached  to  orthoclase, 
&  two  prisms  well  developed  and  is  short  prismatic,  fig.  3, 

*  This  Journal,  III,  zxdii,  132.  f  Loc  dt 
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frequently  much  shorter  than  represented  in  the  illnstratioD. 
Many  of  the  crystals  are  of  considerable  size,  meafioring  oyer 
one-half  inch  in  diameter  and  one  inch  in  length.  The  x  faoei 
on  the  larger  crystals  are  always  dull  and  rough  and  the  pris- 
matic faces  vertically  striated. 

3.  Monazite  from  Alexander  Co,^  If,  C. 

Crystals  of  this  mineral,  from  a  locality  about  three  miles 
east  of  the  Emerald  and  Hiddenite  Mine,  were  first  brougbt 
to  notice  and  described  by  Mr.  Wm.  E.  Hidden,*  who  sent  ub 
several  grams  of  very  pure  transparent  crystals  for  chemicil 
examination.  It  seemed  especially  desirable  to  have  an  analy- 
sis of  such  a  pure,  crystallized  variety,  owing  to  the  fact  that 
most  analyses  of  monazite  show  a  greater  or  less  percentage  of 
ThO„  ana  the  conflicting  views  relative  to  its  relation  to  the 
mineral ;  i  e.,  that  it  belongs  in  the  composition  of  the  min- 
eral, although  the  oxide  ThO,  has  no  chemical  relation  to  the 
Ce,0„  La^O,  and  Di,0„  or  that  it  is  present  together  with 
SiO,  and  H,0  as  an  impurity  of  thorite,  ThSiO,,  H,0.  Thifi 
latter  view  was  advanced  by  one  of  us  in  a  former  paper,f  be- 
ing substantiated  by  analytical  results  and  microscopic  examin- 
ation, but  the  former  view  is  still  held  by  many  and  is  especiallj 
advocated  by  C.  W.  Blomstrand,  who  has  recently  published  a 
detailed  paper:j:  on  the  subject. 

The  chemical  analysis  was  made  with  great  care  by  both  of 
us,  according  to  the  method  described  in  the  previous  paper. 
The  specific  gravity,  taken  with  precision  on  a  chemical 
balance,  was  found  to  be  5 '203.     The  analysis  yielded 

Sperry.                         Penfleld.  Mean. 

PaOft                    29-57         28-95  2919         29*57  2932 

Mixed  oxides      71*91         72*37  72*25  72-18 

SiO,                         -24                             *47  -32 

IgnitioD                  *17  -17 

The  determination  of  ThO,  and  CeO,  in  the  mixed  oxides  and 
calculation  of  CeO,  to  Ce,0,  gave  as  the  complete  analysis : 


P.05 

29-32 

CeaOs 

37-26 

(La,  Di),0, 

31*60 

ThOa 

1*48 

SiO, 

•32 

Ign. 

•17 

I- 


Ratio. 
•207 

328  -210 

•005 
•005 


100*15 


The  amount  of  thoria  is  very  slight,  really  not  greater  than 
the  SiO,  as  can  be  seen  by  the  ratio  ThO, :  SiO,  =  1 : 1,  at 

♦  This  Journal,  III,  xxxii,  207.  f  This  Journal,  m,  xxir,  260. 

X  GeoL  For.  Forh.,  ix,  p.  160,  1887. 
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;h  owing  to  its  very  high  atomic  weight  it  is  represented 
much  greater  percentage  in  the  analysis.  The  iaentitj  of 
boria  was  proved  by  making  an  atomic  weight  determina- 
^n  '0276  grams  of  the  oxide  and  by  converting  it  into  sul- 
)  which  gave  228  instead  of  232,  an  agreement  as  close  as 
[  be  expected  from  the  small  quantities  used.  The  joint 
3nlar  weight  of  the  (Ce,  La,  Di),0,  was  found  to  be  328. 
imount  01  ThO,  is  here  too  small  to  warrant  any  general- 
ins  as  to  whether  it  is  present  as  a  silicate,  which  is  cer- 
j  substantiated  by  our  analysis,  or  whether  it  belongs  to 
phosphate.  Regarding  the  ThO,  and  SiO,  as  present  in 
3rm  of  thorite,  the  P,0,  and  (Ce,  La,  Di),0,  are  present  in 
proportion  of  a  normal  phosphate,  as  shown  by  the  ratio, 
•210=1:1.  ThO,  can  not  be  regarded  as  an  essential 
ituent  of  monazite,  as  it  is  present  in  varying  proportions, 
jh  almost  always  present  in  the  different  vai?eties. 

4.  Susaexite  from  Mine  JEKll,  Franklin,  Nl  J, 

is  rare  mineral  was  first  described  by  Professor  Geo.  J. 
1,*  who  determined  its  formula  to  be  HEBO,,  where  E= 
nd  Mg.  A  new  analysis  of  this  mineral  was  to  be  desired, 
ially  for  the  more  accurate  determination  of  the  boric  acid, 
\i  was  made  by  the  method  proposed  by  Professor  F.  A. 
h.t  The  material  for  analysis  was  taken  from  the  orig- 
specimens  in  the  collection  of  Professor  Brush,  the  pur- 
bers  being  selected,  which  had  a  specific  gravity  of  3*123, 
L  very  carefully  on  a  chemical  balance,  after  boiling  in 
•  to  expel  the  air. 
e  analysis  by  Penfield  yielded 


Batio. 

BaO, 

33^31 

•476 

1-00 

MdO 

38-08 

•536) 

ZnO 

3*24 

•040  J 

•974 

20fr 

MgO 

1692 

•398) 

H,0 

8-63 

•472 

•99 

by  drying  at  260o  C. 

•90 

99-98 

lir-dry  powder  lost  0*34  per  cent  by  drying  at  100°  0.  and 
per  cent  at  260°  C.  Regarding  this  water  as  hygroscopic, 
itio  of  Be,0, :  EO :  H,0  =  1:2:1  very  closely,  which  fully 
smtiates  the  formula  of  Prof.  Brush,  H(Mn,  Mg,  Zn)BO,. 

6.  Twin  Crystals  of  Quartz  %oith  inclined  Axes. 

'o  twin  crystals  were  recently  purchased  by  Professor 
J.  Brush,  in  London,  labeled  from  Madagascar.  As  such 
lis  are  very  exceptional,  we  thought  that  a  notice  of  them 

rhiB  Journal,  II,  xlvi,  240.  f  Am.  Ghem.  Journal,  ix,  p.  23. 
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would  not  be  without  interest  to  the  readers  of  the  Journal. 
Crystals  from  Japan,  with  exactly  the  same  habit,  have  be«a 
described  and  lignred  by  G,  vora  Rath.*  The  two  crystals  in 
the  cabinet  of  Professor  Brnsh,  which  are 
each  about  one  inch  in  greatest  diamet^, 
are  very  much  flattened  parallel  to  a  pris- 
matic face  and  have  a  pyramid  of  the 
second  order,  1^12,  1-2  as  twinning  plane. 
The  forms  are  those  of  the  ordinary  quartz 
combination,  m  (IQlu,  1),  r  {1011,  1)  and 
3(0111,  -1)  and  are  developed  as  shown  in 
fig.  4.  The  m  faces  are  strongly  striated 
horizontally.  The  crystals  seem  to  have 
been  attached  only  at  that  part  where  the 
r  and  z  faces  make  a  small  re-entrant  angle,  at  the  lower  part 
of  the  twin.  The  crystals  showed  no  decided  pypo-electric 
phenomena. 

6.   Oligodaee  Jrom  Bakeraville,  N.  C,  wUh  oAnormai  optical 
properties.^ 

The  material  which  forms  the  subject  of  this  investigation 
was  sent  to  us  by  Mr.  Norman  Spang,  of  Etna,  Pa.,  ana  later 
another  fragment  from  nndoubtedly  the  same  locality  was  Bent 
to  New  Haven  by  Mr.  Geo.  F.  Knnz,  of  New  York. 

The  mineral  is  remarkable  for  its  purity,  both  pieces  being 
as  transparent  as  plate  glass,  the  only  things  to  mar  the  trans- 
parency being  little  bunches  or  tufts  of  minute  crystals  with 
radiated  strocture  which  are  scattered  sparingly  and  irregularly 
throngh  the  feldspar;  these  show  no  distinct  form  and  cannot 
be  referred  to  any  definite  species.  The  feldspar  cleavages  are 
well  shown  ;  one  of  them,  tlie  basal  {091),  is  very  perfect  and 
easily  obtained  ;  the  second,  the  brachypinacoid  (010),  is  mncb 
]es.s  perfect,  the  mineral  breaking  with  a  conchoidal  fracture 
so  that  it  is  hard  to  obtain  a  flat  cleavage  surface ;  there  is  also 
a  tendency  to  break  with  an  irregular  conchoidal  fracture  par- 
allel to  the  niaerophiacoid  (100).  The  angle  l>etween  the  two 
cleavages,  001  and  010,  was  nieasnred  on  two  fragments  which 
were  carefully  selected,  but  the  results  are  not  very  satisfactory 
owing  to  the  poor  (OlO)  cleavage.  The  best  of  these  measure- 
ments is  001  ^010=88°  '2'  (supplement),  the  second  gave  8:^° 
45',  but  the  reflections  were  poorer.  If  placed  in  position  on 
the  basal  pliuic,  the  crystal  would  have  an  inclination  of  abont 
2°  to  the  left.  An  interesting  point  in  connection  with  this 
feldspar  is  that  there  is  not  a  trace  of  twinning  stmctare  to  be 

•  PoRg.  Annolen,  dv,  49. 

f  An  account  of  this  feldspar  was  given  by  Mr.  G.  F.  Eudz,  with  an  autljeii  bj 
Prof.  F.  W.  Clarke,  in  the  September  number,  p  222. 
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found  on  either  fragment,  a  cleavage  piece  showing  one  square 
inch  of  surface  on  tne  basal  plane,  oeing  perfectly  flat  ana  free 
from  striations.     The  specific  gravity  is  2*651. 
The  following  analysis  was  made  by  Mr.  Sperry  : 

Batlo.  Anorthite.         Albite. 

SiO, : 62-60  1043           '160(2)           •883(6-00) 

A1,0, 23-52  -228           -080(1)           -148(1-00) 

Fe,Os 08 

CaO 4-47  -080           -080(1) 

Na,0 8-62  -139)                               -145     (-99) 

KaO :...  -56  -006  J 

Ign -10 

99-95 

Disregarding  the  trace  of  Fe,0,  and  H,0,  and  calculating 
the  SiO,  and  A1,0,  which  would  unite  with  the  CaO  to  form 
anorthite  (ratio  SiO, :  A1,0, :  CaO =2  : 1  : 1),  we  find  that  the 
remaining  constituents  are  in  the  right  proportion  to  form 
albite  (ratio  SiO, :  A1,0, :  Na,0=6  : 1 : 1).  The  ratio  of  anor- 
thite molecule  to  albite  molecule  is  1:3-6,  the  per  cent  being  : 

Anorthite CaaAl4Si40,fl=s22-32 

Albite Na,Al8SiflOifl=77-45 

The  above  chemical  results  are  sufficient  to  classify  this  mineral 
as  oligoclase. 

The  most  interesting  and  important  thing  in  connection  with 
this  mineral  is  that  its  optical  properties  are  very  far  from  those 
of  oligoclase.  Sections  parallel  to  the  basal  plane  do  not  show 
the  extinction  of  oligoclase  +1^,  but  the  very  large  angle 
+  39°  to  40°.  The  positive  nature  of  this  angle  was  determined 
very  carefully  on  the  two  fragments  whose  cleavage,  angles 
were  measured.  The  extinctions  were  measured  with  a  Fuess 
microscope,  and  in  the  two  sections  varied  from  38°  30'  to  40°. 
Sections  parallel  to  the  brachypinacoid  did  not  show  any 
change  from  light  to  dark  in  ordinary  polarized  light  when  the 
sections  were  turned,  but  in  convergent  light  showed  an  optic 
axis,  as  nearly  as  one  could  tell,  exactly  in  the  center  of  the 
field.  When  the  cleavage  lines  are  parallel  to  the  principal 
planes  of  the  polarizer  and  analyzer,  the  dark  bar  running 
through  the  axis  is  almost  parallel  to  the  cleavage  lines.  A 
similar  section  of  oligoclase  should  show  an  extinction  of  +5°, 
and  in  convergent  light  a  bisectrix  almost  in  the  center  of  the 
field. 

We  regret  that  we  cannot  give  any  facts  regarding  the  mode 
of  occurrence  and  associations  of  this  interesting  feldspar,  but 
must  leave  that  for  others  who  may  be  so  fortunate  as  to  study 
this  mineral  in  the  field.  A  study  of  the  crystals,  if  any  are  to 
be  found,  is  also  to  be  desired. 
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7.  Barium  JFhidspar  from  Blue  JffiUy  Delaware  Co.,  Pa. ;  the 

Cassinite  of  Dr.  I.  Lea.* 

Professor  F.  A.  Genth  f  was  the  first  to  show  that  this  was 
in  any  way  an  interesting  and  distinct  variety  by  his  analysis, 
which  showed  that  the  feldspar  contained  nearly  four  per  cent 
of  BaO ;  his  results,  however,  yielded  no  definite  lormQla, 
and  could  not  be  correctly  interpreted  without  an  optical 
examination. 

Our  investigations  were  made  on  very  good  cleavage  speci- 
mens in  the  Tale  University  cabinet  A  section  parallel  to  the 
base  (001)  shows  that  the  mineral  is  a  mixture,  composed 
chiefly  of  a  monoclinic  feldspar  with  interpositions  of  a  plagio- 
clase  (albite)  with  fine  striations  and  small  extinction  angle. 
The  albite  appears  as  streaks  running  through  the  section  par- 
allel to  the  ortho-axis  h ;  these  streaks  have  nearly  a  uniform 
width  of  about  OOS""™,  a  varying  length  of  usually  less  than 
1"^°*,  and  taper  off  slightly  toward  the  ends,  which  are  rounded 
They  are  distributed  quite  evenly  through  the  section,  with 
usually  a  clear  space  of  0-5"^™  between  the  streaks.  In  the  sec- 
tion parallel  to  the  clinopinacoid  (010),  the  streaks  are  much 
more  conspicuous.  The  plagioclase  has  an  extinction  of  +18°, 
which  would  indicate  that  it  is  nearly  pure  albite ;  the  mono- 
clinic  feldspar  has  an  extinction  of  -f6  like  orthoclase,  it  also 
shows  in  convergent  light  an  obtuse  bisectrix.  The  difference 
in  the  extinction  angles  makes  the  albite  streaks  more  cx)n- 
spicuous  than  in  the  basal  section,  the  streaks  being  parallel  to 
the  vertical  axis  c ;  they  have  the  same  width  as  in  the  basal 
section,  O^Oo"""",  but  usually  a  greater  length,  the  longest  being 
2mm  .  |.}jgy  2,x^  j^]g(^  more  tapering.  The  albite  is  therefore  inter- 
posed in  thin  plates  parallel  to  ttie  orthopinacoid,  with  the  cleav- 
age continuous  in  the  two  minerals,  from  the  frequency  and 
thickness  of  the  albite  streaks  it  seems  as  though  it  would  make 
up  not  more  than  one-tenth  of  the  total  bulk  of  the  feldspar. 
In  the  clinopinacoid  section  it  is  also  seen  that  the  material  in 
which  the  albite  is  imbedded  is  not  homogeneous  but  is  streaked 
by  a  series  of  very  narrow  bands  parallel  to  the  vertical  axi8,c; 
these  are  very  evenly  distributed  through  the  orthoclase  and 
show  the  same  extinction  as  the  albite.  It  is  probable  that 
these  microscopic  interpositions,  parallel  to  the  larger  ones,  are 
also  albite  and  they  give  in  polarized  light,  when  one  of  the 
minerals  is  dark,  a  curious  vein-like,  striated  appearance  to  the 
section.  Each  of  the  larger  streaks  of  albite  is  surrounded  for 
a  distance  of  about  O'Ol"'"'  with  a  zone  of  pure  feldspar,  which 
contains  none  of  these  minute  streaks  of  albite  ;  this  makes  the 
contrast  between  the  wider  streaks  of  albite  and  the  mono- 

♦  Proc.  Acad.  Nat.  Sci.  Philad.,  1866,  110.         f  Report  Min.  Penn.,  1876,  224. 
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ilinic  feldspar  all  the  more  marked  in  polarized  light,  for  if 
he  albite  is  dark  it  will  be  surrounded  by  a  border  of  homo- 
reneous  light  material,  the  whole  bein^  imbedded  in  a  gray 
(treaked  ground- mass  which  has  the  optical  effect  of  an  ortho- 
;lase,  because  the  microscopic  albite  interpositions  are  subordi- 
late  to  the  monoclinic  feldspar. 

We  hoped  that  at  least  a  partial  separation  of  the  albite  and 
;he  monoclinic  feldspar  could  be  made  by  means  of  the  heavy 
K)lntions,  but  in  this  we  were  disappointed ;  the  cleavage  bein^ 
continuous  in  the  two  minerals  prevents  a  good  mechanical 
^paration  by  powdering,  and  the  difference  in  specific  gravity 
►vas  too  slight  to  yield  good  resulta  All  of  the  powder  haa 
learly  a  uniform  specific  gravity.  That  which  was  taken  for 
inalysis  sank  in  the  Thoulet  solution  of  sp.  gr.  2*642,  leaving 
ibout  half  of  the  powder  floating.  The  following  analysis, 
vhich  was  made  by  Mr.  Sperry,  showed  traces  of  Mn,  Mg  and 
5r,  but  they  were  too  minute  to  be  determined.  The  mean  of 
;hree  analyses  by  Professor  Genth  is  also  given  for  comparison : 

BaK 

Oentta.     Sperry.      Ratio.  Anorthlte.  Albite.        feldipar. 

SiOa 62-60  6295  1049              010  (2)         -384  (6)         '665 

A1,0, 19-97  19-82  '192             -005  (1)         -066  (1)         '121 

Fe,0, -12  17 

CaO -19  -26  -005^           006  (1) 

Na,0 4-31  401  064  I   ,q«                       -064(1) 

BaO 3-71  3-96  026  f  ^^'^                                         )    .,, 

K,0 896  8-57  091]                                                  J    *^' 

Ign. -19  ll* 

10004       9983 

In  the  above  the  ratio  of  A1,0, :  KO=-192 :  -186,  almost  1 : 1. 
Etegarding  the  small  amount  of  CaO  as  belonging  to  anorthite, 
uid  uniting  it  with  the  albite  to  form  a  plagioclase,  we  can 
divide  our  analysis  into  two  parts  which  will  probably  repre- 
sent the  mixture  very  closely  : 

!T«,C»  feldspar,  K.  Ba  feldspar,     K,  Ba  feldspar.  Bafeld- 

Aiblte.  HoDoclliuc.      Calculated  to  lOO.   Ratio.      KsAl«Si«Oi«.  •Pftr* 

5iO,..  23-64  SiOa..  39-31  61-12  1019  -865(6)  -167(4) 

11,0,.    7-33  A1,0,.  12-49  1942  '188  -147(1)  041(1) 

3aO..      -26  BaO-.    3-95  6-14  '040  -040(1) 

iJa,0-    4-01  K,0..    8-57  13*32  142  142(1) 

35-23  64-32  10000 

In  the  64 '32  per  cent  of  the  monoclinic  K,  Ba  feldspar  the 
ratio  of  SiO, :  A1,0, :  KO=5'60 : 1-03 : 1,  which  gives  no  simple 
formula  if  we  regard  it  as  a  homogeneous  mineral.  If,  how- 
ever, we  regard  it  as  composed  of  a  potash  f  elds^  K^l,Si,0„ 
and  a  barium  feldspar,  deducting  the  ratio  of  j^Al,Si,Oj,  we 
have  left  SiO, :  Al.O, :  BaO =-167  : -041 : -040,  almost  exactly 
4:1:1. 
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Oar  knowledge  of  the  barinm  feldspars  is  confined  to  aniily- 
ses  of  the  mineral  from  a  few  localities.  For  the  sake  of  com- 
parison we  qnote  the  following : 

L  Binnenthalf  Switzerland,  analysis  by  Stodcar-Bacher.* 
II.  Jakobsbergf  Sweden,  analysis  by  L.  J.  Igel8tr5m.f 
IIL  Unknown  locality,  analysis  by  PisanL} 


I. 

SiO, 62-67 

A1,0, 2112 

FeaO. 

CaO -46 

MgO -04 

BaO 1605 

NaaO 2-14 

KaO 7-82 

Ign -68 


Batio. 

•878 

•206 

•0081 

•001 

•098 

•034 

•083 


XL 

5353 
2333 


323 
7-30 

11-71 


BaUo. 
•892 
•226 


•081 
•047 


1-25 


ni. 

6510 

23-20 

-46 

1-83 

•56 

730 

7-46 

•83 

3-72 


Batio 

•917 

•225 

•003 

•0331 

•014 

•048 

•120 

•009 


99-88  99-10  100-44 

The  ratios  in  the  three  analyses  are  9s  follows : 

SiOa:AliO,BO 
I.    -878 :  -205  :  224=4 :  0^93 :  1*02 
n.    -892  :  ^226 :  253=4 :  1^01  :  113 
m.    •on  :  -225 :  224=4 :  0-98 :  0^98 

All  of  these  analyses  have  a  ratio  of  SiO, :  A1,0, :  R0=4: 1 : 1 
and  a  formula  RAl,Si^O„ ;  but  one  thing  is  very  noticeable, 
that  in  all,  the  RO  is  very  variable.  In  I,  which  is  that  of  the 
purest  hyalophane,  the  ratio  of  BaO+(Ca,  Mg)0 :  K,0+Na^O= 
1 : 1,  and  some  have  proposed  that  the  feldspar  is  a  mixture  of 
K,Al,Si,Oie  and  a  Ba  feldspar  like  anorthite,  BaAl,Si,0„  simi^ 
lar  to  Tschermak's  theory  for  the  plagioclase  feldspars.  If, 
however,  II  and  III  are  to  be  referred  to  hyalophane,  we  can- 
not accept  this  last  hypothesis,  but  must  accept  tor  the  formula 
of  the  species  RAl,Si^O,„  R=Ba,  Ca,  Mg,  K^,  Na,. 

Going  back  to  our  own  analysis,  it  seems  best  to  regard  the 
feldspar  as  a  mixture  of  35'23  per  cent  of  albite,  51*15  percent 
of  orthoclase  %and  13-17  per  cent  of  hyalophane,  BaA\Si^O„. 
The  two  latter  are  monoclinic,  and  have  either  grown  together 
as  isomorphous  mixtures  or,  if  in  any  other  way,  the  optical 
properties  are  such  that  the  relation  to  the  two  minerals  can 
not  be  told.  It  must  be  noted  also  that  in  making  this  suppo- 
sition it  is  necessary  to  regard  the  hyalophane  as  a  pure  barium 
feldspar ;  we  see,  however,  no  other  way  to  interpret  our  analy- 
sis. If  we  regard  our  barium  feldspar  as  united  with  potash 
to  form  a  hyalophane  like  that  from  the  Binnenthal,  then  the 
excess  of  potash  cannot  be  united  with  A1,0,  and  SiO,  to  form 

*  Kenngott,  Uebersicht  der  Min.  Forach.,  1 856-57,  p.  107. 

{Bull  Soc.  Min.  de  France,  vi,  139. 
Bull.  Soc.  Min.  de  France,  i,  84. 
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mple  compound,  while  the  supposition  which  we  have 
gives  ratios  which  are  very  simple  and  exact. 

A  very  pure  magnesia  mica^  phlogopite,  from  EdwardSy 

St.  Lawrence  Co.^  N.  Y. 

r  attention  was  first  called  to  this  mineral  bv  Mr.  C.  D. 

of  Philadelphia,  N.  Y.,  who  had  obtained  it  from  the 
aines  in  Edwards.  Later  one  of  us,*  while  making  a 
alogical  excursion  in  St.  Lawrence  Co.  under  the  auspices 
3  XJ.  S.  Geological  Survey  during  the  summer  of  1887, 
i  the  locality  and  was  generously  supplied  with  material 
r.  T.  J.  Hooper,  superintendent  of  the  Anthony  Mine  of 
dirondack  Pulp  Co. 

3  mineral  occurs  filling  a  narrow  seam  or  vein  associated 
tremolite  and  the  pure  white  talc  which  is  extensively 
I  in  that  region.  It  occurs  in  large  plates,  without  regular 
lline  outline  except  an  occasional  hexagonal  marking, 
L  are  more  or  less  bent  and  intergrown.  The  cleavage  is 
lite  as  good  as  in  most  micas,  being  more  like  that  of 
•lite;  the  folia  are  elastic* when  very  thin  but  thicker 
over  0*1°^,  crack  and  break  quite  readily  in  three  direc- 
parallel  to  the  fracture  figure.  Thin  plates  of  the  mica 
r  perfectly  clear  and  colorless  ;  plates  2™™  thick  and  over 
I  very  delicate  sea-green  color,  thick  pieces  being  exceed- 
light  colored  and  transparent,  for  a  mica,  in  the  direction 
B  vertical  axis.     The  six-rayed  fracture  figure  {Schlag- 

German)  and   the  pressure  figure  with  rays  at   right 

1  to  it  are  obtained  by  driving  a  steel  point  into  the  plates 
^ssing  with  a  steel  rod  with  rounded  end  against  thin 

on  an  elastic  support.  The  optical  properties  are  not 
mt,  even  in  the  same  plate.  In  convergent  polarized 
many  pieces  give  a  uniaxial  interference  figure,  but 
y  the  dark  cross  opens  into  hyperbolse  always  showing  a 
optic  axial  angle  ;  this  was  not  measured  because  it  was 
riable.  The  plane  of  the  optic  axes  is  the  plane  of 
etry,  parallel  to  one  of  the  rays  of  the  fracture  figure, 
ig  it  a  mica  of  the  second  kind.  The  double  refraction 
ative. 

ore  the  chemical  analysis  or  any  tests  were  made  the 
i   of   this   mineral   was   questionable,  such   minerals   as 
e,  a  highly  crystallized  variety  of  talc  or  a  light  colored 
lite,  suggested  themselves  rather  than  mica. 
J  specific  gravity  of  the  mineral  was  taken  very  carefully 

2  chemical  balance,  after  boiling,  to  expel  any  air  from 
en  the  folia,  giving  2*793  and  2-791.  The  following 
is  is  by  Mr.  Sperry : 

♦  PeDfleld. 
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SiO, 

AlaO, 

I. 

44-82 

10-84 

•36 

28-91 

8*33 

•33 

-09 

6-44 

-98 

n. 

44-81 
1090 

-28 
28  89 
•8-47 

-46 

•07 
5-41 

•94 

Meu.                 J 

44^81 

1087 

•31 

28^90 

8*40 

•38 

•08 
642 

•96 

Bftdo 
•747 
-106 

FeO 

MgO 

KaO 

Na,0 

LiaO    

•004 
•722 
-089 
•006 
003 

H,0 

-301 

Loss  at  100' 

•053 

10013 

The  analysis  shows  that  the  mineral  is  essentially  a  phlogo- 
pite  but  no  relation  between  the  constituents  can  be  detected 
which  can  be  expressed  by  a  simple  formula.  Comparing  it 
with  other  analyses,  especially  the  recent  ones  given  in  Tscner- 
mak's  article  "  Die  Glimmergruppe  "*  we  notice  that  it  has 
about  the  same  percentage  of  SiO„  MgO  and  K,0,  less  Al^O, 
and  Fe,0„  the  latter  we  expect  from  its  unusually  light  color, 
more  H,0  and  no  fluorine,  which  is  a  little  surprising  as  aU 
previous  analyses  have  shown  from  0*8  to  over  4*0  per  cent 
of  F. 

If  we  seek  out  in  our  analysis  the  molecules  which  Tscher- 
mak  regards  as  characteristic  lor  the  micas, 

K  =  Si.Al.K^,,  ratio  of  SiO, :  A1,0, :  K,0  =  2:1:1 
and     M  =  Si,Mg,,0,,   ratio  of  SiO, :  MgO  =1:2 

we  find  that   they  are  present   in  the  following  proportion 
together  with  a  residue. 

K.  M.  Residae. 

Ratio.  Ratio.  Ratio. 

SiOa.   12-72  -212     (2)  SiO,     21-77  -363     (I)       SiOa 10-32     -172    (1) 

AlaOs  10-87  -106     (I)  FeO         '31  004  )  .„,       H,0 6*28     -293  1.0^ 

KaO.     8  40  -089^  MgO     28-90  -722  P^^       lossatlOO''    •Oe     -053  f^ 

NaaO       -38  -006  J  ,..  .  

LiaO.       -08  -003  ( ^^^  50  98                                               16*56 

HaO.       -14  008 


32-59 


We  find  that  there  is  32-59  per  cent  of  the  K  molecule  in 
which  the  protoxide  is  almost  wholly  K,0,  a  little  Na,0,  Li,0 
and  H,0  being  required  to  make  the  ratio  2:1:1.  The  M 
molecule  is  a  very  pure  magnesia  silicate  while  the  16'56  per 
cent  of  residue  is  a  very  pure  ortho  silicic  acid  H^SiO,,  or  if 
desired  Si.H,,0„  with  the  ratio  of  SiO, :  H,0  =  172  :  346  = 
1 :  2*01.  It  is  necessary  here  to  include  the  H,0  which  wa« 
lost  at  100°  C,  the  analysis  being  made  on  air-dry  powder. 
The  phlogopites  contain  more  acid  than  the  ordinary  micas 
which  are  made  up  of  mixtures  of  the  K  and  M  molecules. 

*  ZeitBchr.  Kryst,  iii,  143. 
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schermak  regards  this  excess  of  acid  as  comprised  in  the 
olecnle  S  =  Si,oB[gO^  or  the  fluorine  compound  SijpO.F^. 
he  ortho-silicate  which  we  find  in  this  analysis,  however, 
^^SiO^j  seems  a  more  natural  compound  to  be  associated  with 
le  other  ortho-silicate  molecules  K  and  M. 
If  we  do  not  follow  Professor  Tschermak  in  discussing  the 
jsults  of  our  analysis,  as  we  have  done  above,  we  can  detect  a 
jrtain  relation  between  the  constituents.  By  taking  one- 
jventh  of  the  SiO,  in  the  above  ratio  as  unity  we  obtain 


SiOa  :  Al,Ot 
7     :    0-99 
Dearly    7    :   1* 


(Mg,  Fe)0 
6-80 
7 


(K,  Na,  Li)aO 
0-92 
I 


H,0 
3-31 
3 


id  if  the  excess  of  the  H,0  above  8 '00  is  regarded  as  renlac- 
ig  MgO  and  K,0,  the  ratio  would  be  almost  exactly  wnole 
ambers.  This  ratio  and  the  composition  of  the  mineral  may 
e. expressed  by  the  somewhat  elaborate  formula  H,K,Mff,Aj, 
i,0„.  The  acid  radical  Sl,0„  shows  that  the  mineral  is  an 
rthosilicate,  while  the  following  percentage  composition  cal- 
nlated  from  the  above  formula  shows  how  closely  it  corre- 
>onds  to  the  results  of  the  analysis : 


SiOa 

AlaOt 

MgO 

KaO 

HaO 

Theory 

4416 

10-83 

29-44 

9-89 

6-6S  =  100-00 

Analysis... 

44-81 

10-87 

2906 

9-25 

6-38  =  100-37 

The  above  analysis  is  like  the  original  in  our  article  except 
aat  the  FeO  has  been  calculated  to  an  equivalent  of  MgO  and 
lie  Na,0  and  Li,0  to  an  equivalent  of  K,0.  Although  it  will 
ot  do  to  make  any  general  statement  regarding  the  chemical 
omposition  of  phlogopite  from  one .  single  analysis  we  offer 
be  above  results  as  a  contribution  to  tne  chemistry  of  the 
licas,  feeling  assured  that  they  are  derived  from  exceptionally 
ure  material. 

In  closing,  we  wish  to  express  our  thanks  to  those  persons 
rho  have  assisted  us  in  our  work  by  furnishing  the  material 
or  carrying  on  these  investigations,  and  whose  names  have 
•een  mentioned  in  our  article. 

Mineralogical  Laboratory,  Sheffield  Scientific  School, 

July  19th,  1888. 
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Art.  XXXV. — On  the  Ahsorptioii  Spectra  of  certain  Bl\u 
Solutions.  (From  Spectro-photometric  Determinations  b? 
Mr.  F.  B.  PrrcHEB.) 

[Contributions  from  the  Physical  Laboratory  of  Cornell  University.    Commimh 

cated  by  Edward  L.  Nichols.] 

II. 

Blues  and  violets  obtained  by  absorption  in  pigments  and 
solutions,  differ  in  several  respects  from  those  colors  which 
approximate  in  hue  to  the  longer  wave-lengths  of  the  spec- 
trum. They  are  much  less  completely  saturated,  as  a  rule, 
and  they  show  irregularities  of  composition,  not  commonly 
met  w^ith  in  absorption  reds  and  yellows. 

It  is  an  easy  matter,  for  instance,  to  find  reds  the  absorption 
spectra  of  which  show  no  rays  lying  beyond  the  D  line,  but 
blue  solutions  transmit  all  the  wave-lengths  of  the  visible 
spectrum  in  considerable  quantity ;  so  that  an  attempt  to  iso- 
late a  pure  absorption  blue,  by  increasing  the  density  of  the 
solution  or  the  thickness  of  the  absorbing  layer,  or  by  diniin- 
ishing  the  intensity  of  the  light  traversing  the  latter,  results  in 
the  extinction  of  the  shorter  wave-lengtns  along  with  thoee 
lying  in  the  green,  yellow  and  red.  It  is  moreover  a  matter  of 
common  knowledge  among  spectroscopists  that  the  absorption 
spectra  of  very  many  blue  substances,  possess  a  more  or  lees 
prominent  red  band,  with  indications  frequently  of  selective 
absorption  in  other  regions. 

In  view  of  the  fact  that  precise  knowledge  of  the  distribu- 
tion of  energy  in  the  visible  spectra  of  this  class  was  almost 
entirely  lacking,  our  acquaintance  with  them  being  for  the 
most  part  confined  to  what  may  be  learned  by  inspection,  it 
seemed  of  interest  to  submit  the  solutions  of  certain  charac- 
teristic substances  of  the  class  in  question,  to  a  spectro-photo- 
metric analysis.  This  has  been  done,  under  the  writer's  direc- 
tion, by  Mr.  F.  B.  Pitcher,  from  whose  Thesis  upon  this  subject 
the  measurements  to  be  described  in  this  paper  have  been  taxen. 

Mr.  Pitcher's  method  differed  in  few  important  particukre 
from  that  employed  by  the  writer  in  his  "  Spectro-pnotometric 
Study  of  Pigments,"  already  described  in  these  pages.*  The 
spectro-photumeter  was  one  of  Glan's  pattern,  in  which  the 
very  ingenious,  but  far  from  sensitive,  polarizing  apnliratus 
had  been  removed ;  its  place  being  suppliea  by  a  pair  of  NicoPs 
prisms  before  the  slit.  To  the  right  hand  of  the  spectroscope 
slit  and  distant  from  the  same  about  60*^'",  was  placed  the  com- 
parison flame,  an  Argand  gas  burner.  Its  rays,  having  been 
rendered  parallel  by  passage  through  a  lens  of  short  focal 
length,  passed  through  the  two  NicoFs  prisms  already  referred 

*  This  Journal,  vol.  xxviii,  p.  342. 
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Bred  the  lower  half  of  the  slit,  after  total  reflection 

small  right-angled  prisms.     At  a  somewhat  greater 

the  left  of  the  slit,  was  placed  a  similar  Argand 

lont  a  condensing  lens  ;  its  rays  entering  the  upper 

e  slit  through  another  pair  of   reflection  pnsms. 

lis  second  flame  and  the  slit  waa  a  cell  with  faces  of 

lei  glass,  within  which  were  placed  the  solutions  to 

The  layer  of  liquid  thus  interposed  was  1^  in 

Figure  1  shows  the  arrangement  of  these  four  re- 

sms.     In  this  excellent  device,  which 

Dart  to  Crova,  the  edges  of  the  inner 

in  contact  with  each  other  and  with 

Che  spectra  of  the  two  sets  of  rays, 

uced  into  the  collimator  tube,  appear 

vith  sharply  defined  adjacent  bound- 

•ated  only  by  a  black  line.     Corre- 

vavelengths  are  in  the  same  vertical 

it  only  remains  to  isolate  in  turn  the 

ions  to  be  compared,  by  means  of  an 

diaphragm  in   the  eye-piece,  and  to 

wo  spectra  to  equal  intensity,  in  each 

cessively,   by  means  of  the  Nicol's 

omplete  form,  this  type  of  spectro- 

*  should   have   two   sets   of    Nicol's 

'ne  pair  in  the  path  of  each  ray,  the 

)1  of  each  pair  being  fixed  with  its  plane  of  polari- 

llel  to  the  slit.     This  arrangement  is  advisable  when- 

illiancy  of  the  ray  under  investigation  is  considera- 

;t   becomes   necessary  whenever  in  any  region  the 

ixceeds  that  of   the  corresponding  portion  of   the 

L  spectrum. 

:rument  in  such  a  case  possesses  the  advantage  of 

lymmetry.      The   two  rays  are  reflected  the  same 

times  and  at  the  same  angles.  They  enter  the  col- 
)e  polarized  in  the  same  plane,  and  throughout  their 
age  to  the  eye  they  suffer  precisely  similar  treatment, 
e,  however,  a  great  many  cases,  notably  in  the  study 
it  reflected  by  pigments,  and  of  absorption  spectra, 
transmitted  ray  suffers  marked  diminution,  in  which 
Y  polarization  is  such  as  to  render  advisable  the  re- 
bhe  second  pair  of  Nicol's  prisms.  This  may  be 
never  it  becomes  necessary,  in  order  to  obtain  the 
rightness  of  all  parts  of  the  spectrum,  as  in  the  case 
surements  now  under  consideration,  without  sensibly 
le  accuracy  of  the  determinations, 
rument  having  been  arranged  in  the  manner  already 

the  glass  cell  was  placed  in  the  path  of  the  rays 


884    F.  JS.  Pitcher — Ahaorption  l^pectra  of  Blue  SoluHon». 

from  the  second  Argand,  and  the  intensity  ratio  between  the 
spectrum  thus  transmitted  and  that  of  the  comparison  flame 
was  obtained  for  nine  regions,  lyii^g  between  the  A  line  and 
the  G  line  of  Frannhofer. 

The  wave-lengths  of  these  regions,  were  as  follows : 

Region.  Wave-length. 

1 7670 

2 6770 

3... 6160 

4 6630 

5 6236 

6 4940 

7 4720 

8 4625 

9 4360 

These  readings  afforded  a  correction-factor  for  each  region  of 
the  spectrum,  by  means  of  which  the  selective  absorptipn  due 
to  the  glass  cell  and  the  condensing  lens  coold  be  ehminated. 

Solutions  were  then  made  of  a  number  of  blue  pigments. 
Three  of  these  were  of  known  composition,  namely,  Frnssian 
blue,  artificial  ultramarine  and  indigo.  Five  others  were  com- 
mercial preparations  of  "bluing"  of  unknown  composition. 
These  were  included  in  the  list,  at  the  writer's  suggestion,  for 
the  purpose  chiefly  of  testing  the  applicability  of  tbe  spectro- 
photometric  method  to  the  detection  of  such  coloring  raattere 
as  are  not  amenable  to  the  ordinary  spectroscopic  analysis. 

The  strength  of  the  solutions  was  so  chosen  in  each  case  as 
to  show  decided  color,  and  at  the  same  time  to  transmit  easily- 
measurable  quantities  of  light  throughout  the  spectrum.  The 
results  were  mdicated  by  means  of  curves,  wave-lengths  being 
taken  as  abseissse,  percentage,  of  light  as  ordinates ;  that  trans- 
mitted by  the  empty  cell  in  each  region  being  taken  as  unity 
for  that  particular  region. 

Figure  2  shows  tne  curves  thus  obtained  for  ultramarine 
(curve  a)y  indigo  (curve  b)  and  Prussian  blue  (curve  c).  They 
exhibit  the  nature  of  the  selective  absorption  excited  by  each 
solution  upon  the  rays  traversing  it.  The  horizontal  line  at  the 
top  of  each  diagram  may  be  considered  as  representing  the 
brightness  of  the  spectrum  of  the  rays  passing  through  the 
empty  cell,  as  compared  with  that  of  the  light  transmitted  by 
the  solution  under  investigation.  Vertical  distances  from  that 
line  to  the  curve  measure  the  degree  of  absorption  in  each  por- 
tion of  the  spectrum.  Each  curve  is  characteristic  of  the  solu- 
tion to  which  it  pertains  and,  in  so  far  as  the  number  and  posi- 
tion of  the  maxima  and  minima  are  concerned,  it  is  inde- 
pendent of  the  strength  of  the  solution. 

These  results  afford  an  excellent  illustration  of  the  use  of 
the  spectro-photometer  in  the  location  of  absorption  bands  not 
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2 


8 


,  * 


sufSciently  marked  to  be  identified  bj  ordinary  inspection^  and 
in  the  detection  of  regions  of  maximum  brightness  in  spectra 
^ich  to  the  nnaided  eye  do  not  exhibit  any  such  peculiarity. 

The  measurement  oi  the  fiye  commercial  blues  gaye  cnryes, 
which  approached  so  nearly  to  those  obtained  in  the  case 
of  the  three  pigments  already  mentioned,  as  to  leaye  no  ques- 
tion as  to  the  nature  of  the  substance  to  which  each  of  tiiem 
owed  its  color.  Indeed  the  ease  and  certainty  with  which  the 
pigment  could  be  identified  was  such  as  to  warrant  the  belief 
that  by  the  use  of  this  instrument  a  large  number  of  absorption 
spectra,  .which  are  quite  beyond  the  reach  of  the  spectroscopic 
methods  now  in  vogue,  may  be  identified  with  the  same  degree 
of  certainty  which  now  attends  the  recognition  of  blood  or 
chlorophyl.  To  this  end  the  firs.t  step  must  be  the  careful  deter- 
mination of  a  large  number  of  characteristic  curves  pertaining 
to  the  various  solutions  to  which  the  method  is  to  be  .extended. 
This  having  been  properly  done,  the  identification  of  solutions 
in  which  selective  absorption  takes  place  to  a  measurable  extent, 
will  be  in  most  cases  a  comparatively  simple  matter. 

Mr.  Pitcher's  experiments  were  also  extended  to  two  inter- 
esting solutions  in  which  the  addition  of  an  alkali  produces  a 
change  of  color.  These,  which  represent  quite  distinct  classes, 
were  litmus  solution  and  the 
sulphate  of  copper.  The  re- 
sults are  shown  in  figures  3 
and  4.  The  litmus  solution 
was  taken  in  its  three  charac- 
teristic conditions,  acid,  alka- 
line and  neutral.  The  acid 
solution  (figure  3,  curve  d\ 
is  marked  by  almost  com- 
plete transparency  to  rays  of 
the  regions  between  B  and 
C,  and  to  slight  minima  in 
the  neighborhood  of  the  D 
line,  and  just  beyond  F. 
The  addition  of  ammonia, 
until  the  well  known  color- 
change  indicative  of  neutral- 
ity took  place,  brought  about 
a  modification  of  tne  curve 
to  the  form  shown  in  curve 
e.  The  bright  region  in  the 
red  disappeared ;  the  absorp- 
tion in  the  yellow  was  in- 
creased, and  the  brightness 
of  the  remainder  of  the  spec- 
trum   was    diminished,   by 
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about  one  half.  The  addition  of  ammonia,  to  the  extent  nece^ 
sary  to  produce  the  color-change  denoting  alkalinity,  further 
widened  and  deepened  the  absorption  band  in  the  yeUow  and 
increased  the  absorption  throughout  the  entire  spectmm.  The 
diminution  in  intensity  was  greater  in  the  red,  however,  than 
in  the  regions  lying  beyond  the  great  absorption  band. 

For  the  determination  of  the  influence  of  ammonia  upon 
copper  sulphate,  a  concentrated  solution  of  the  salt  was  pre- 
pared and  its  curve  obtained  by  the  method  already  described 
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This  solution  when  viewed  by  transmitted  light,  in  a  layer 
only  one  centimeter  in  thickness,  shows  but  feeble  color,  and 
the  intensity  curve  (figure  4,  curve  ^),  indicates  but  little  ab- 
sorption excepting  in  the  extreme  red.  Noteworthy  is  the 
well-marked  maximum  between  the  E  and  F  lines  and  the  rela- 
tively large  amount  of  absorption  in  the  violet. 

The  addition  of  ammonia  was  found  to  produce  strong  ab- 
sorption throughout  the  orange  and  yellow,  the  minimum  cor- 
re8j)onding  in  position  with  that  observed  in  the  case  of  alka- 
line litmus  (curve/').  Beyond  the  point  of  maximum,  between 
E  and  F,  in  the  curve  of  the  neutral  salt,  the  ammonio-sulphate 
had  become  almost  completely  transparent,  with  just  a  trace 
remaining  of  the  small  absorption  band  lying  beyond  the  F  line. 
(See  curve  h.) 

The  almost  untouched  domain  of  the  spectro-photometric 
investigation  of  absorption  spectra  is  an  extensive  one  and  by 
no  means  devoid  of  interest.  The  writer  hopes  ere  long  to 
add  to  the  present  contribution,  studies  of  some  of  the  aniline 
colors  and  of  the  influence  of  acids  and  alkalies  upon  the 
spectra  of  the  so-called  "  color-test "  solutions. 

August  1,  1888. 


G.  S,  JUoler — Transverse  Vibrations  of  Cords  and  Wires.  337 


Art.  XXXVI.  —  An  Instrument  for  Demonstrating  the 
Laws  of  Transverse  Vibrations  of  Cords  and  Wires;  by 
George  S.  Moler,  A.B.,  B.M.E. 

[Contributions  from  the  Physical  Laboratory  of  Cornell  University.     Communi- 
cated by  Edward  L.  Nichols.] 

This  piece  of  apparatus  was  designed  to  meet  a  want,  felt 
in  the  laboratory,  lor  an  improvement  over  Melde's  method  of 
producing  transverse  vibrations  of  cords  and  wires. 

It  seemed  desirable  to  produce  a  circular  vibration  which 
would  appear  of  the  same  amplitude  when  viewed  from  all 
sides  ana  which  could  be  maintained  for  an  indefinite  length 
of  time ;  so  that  the  proper  adjustments  of  length  or  of  tension 
could  be  made  while  the  cord  was  in  motion.  It  also  seemed 
desirable  to  maintain  a  constant  rate  of  vibration  when  cords 
are  used  which  offer  more  or  less  resistance  to  the  motion. 

The  general  arrangement  of  the  apparatus  is  shown  in  figure 
1.  To  produce  the  circular  vibrations  the  cord  is  attached  to  a 
crank  of  small  throw,  which  is  kept  at  a  constant  but  high 
rate  of  speed  by  means  of  a  regulator.  *  A  is  the  main  shaft, 
driven  by  a  belt  running  over  a  pulley  at  B.  Upon  the  crank- 
pin  at  C  is  a  small  block  having  a  hook  to  which  the  cords  D 
are  attached.  To  prevent  the  tension  of  these  cords,  which 
may  sometimes  amount  to  four  or  five  kilograms,  from  exert- 
ing a  pull  upon  the  shaft  and  thereby  greatly  increasing  the 
friction,  a  cord  is  carried  from  the  box  E  to  the  block  C  through 
holes  in  each  end  of  the  latter  and  back  to  the  box  E;  then  to 
a  tightening  pin  F  as  shown  in  figure  2.  This  device  allows 
the  block  to  move  freely  and  easily  under  the  largest  loads. 

At  G  is  a  pinion  which  drives  another  shaft  with  a  similar 
crank  and  block.  On  this  shaft  is  a  spring  which  holds  the 
wheel  H  in  line  with  the  pinion.  This  wheel  is  fastened  to  a 
slotted  sleeve  which,  when  it  is  not  desirable  to  drive  both 
cranks  at  the  same  time,  can  be  moved,  by  compressing  the 
spring,  until  it  slides  past  a  pin  in  the  shaft.  A  turn  of  the 
sleeve  then  holds  the  wheel  in  a  position  where  it  will  not  en- 
gage with  the  pinion. 

From  these  cranks  the  cords  are  carried,  as  shown  in  figure 
5,  to  two  movable  blocks  which  can  be  clamped  at  any  desired 
position  upon  the  base  of  the  instrument.  These  blocks  carry 
small  pulleys  over  which  the  cords  pass,  the  ends  of  each  cord 
being  fastened  to  a  scale  pan  and  the  proper  tension  secured 
by  tne  use  of  weights. 

A  cord  one  meter  long  is  commonly  used,  but  the  apparatus 

works  quite  as  well  with  shorter  or  indeed  with  much  longer 
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By  carrying  a  cord  aB  far  as  I  conveniently  conld,  a 
of  thirty-four  feet,  and  adjusting  the  tension,  I  ob- 
wenty-five  well  formed  segments 
egulating  device  is  an  electrical  governor,  shown  at  I 
,  but  more  in  detail  in  figure  3.  Tne  lever  J  is  pivoted 
d  whenever  the  speed  exceeds  a  certain  amount  it  is 
•utward  with  suflScient  force  to  bend  the  spring  L  and 
>ntact  with  the  insulated  wire  M.  The  speed  at  which 
lurs  is  regulated  by  altering  the  tension  of  the  spring 
18  of  the  screw  N.  The  contact  points  are  of  plati- 
The  insulated  wire  runs  out  through  the  hollow  shaft 
binding  post  O,  thence  to  the  electro-magnet  P  and 
cry.  The  other  pole  of  the  battery  is  connected  with 
16  of  the  machine.  The  armature  of  the  electro-mag- 
tached  to  a  lever  Q  (fig.  4),  and  upon  the  other  end  of 
r  is  a  leather  pad,  which  is  brought  into  contact  with 
el  whenever  the  circuit  is  closed.  The  friction  thus 
d  reduces  the  speed  until  the  contact  breaks  when  the 
^ain  increases  and  closes  the  circuit.  The  delicacy  of 
ace  is  such  that  these  variations  of  speed  are  imper- 

•iving  two  cords  from  the  same  crank  a  very  accurate 
ry  speed  regulation  was  obtained.  For  this  purpose  a 
considerable  mass  was  made  use  of,  with  tension  such 
use  it  to  vibrate  in  a  single  segment.  The  shaft  was 
by  means  of  a  small  turbine  motor,  capable  of  any 
p  to  seven  thousand  revolutions  per  minute.  When  the 
g  segment  of  the  heavy  cord  was  once  well  formed  it 
md  that  small  variations  in  the  motive  power  made 
ves  felt  in  swelling  or  diminishing  the  amplitude  of  the 
[;  without  producing  changes  in  speed,  and  that  it  was 

to  make  all  necessary  adjustments  of  length  or  tension 
econd  cord  without  in  any  way  interfering  with  the 
I  motion  of  the  instrument.  If,  however,  the  govern- 
nent  were  destroyed  in  any  way  the  electrical  governor 
described  would  soon  restore  the  speed  to  its  normal 
The  amplitude  of  the  ffoverning  segment  served 
\  as  a  delicate  indicator  of  the  condition  of  the  motive 
excess  of  power  causing  a  swelling  out  of  the  segment 

diameter,  and  diminution  of  power  showing  itself  by 
}  in  the  amplitude  of  vibration, 
cans  of  this  apparatus  all  the  laws  demonstrated  in 

experiment  may  be  verified.  The  following  is  the 
>f  a  single  set  of  observations  made  to  test  the  working 
instrument. 

jords  used  were  of  braided  silk,  measuring  'hb°^  in  di- 
Four  strands  of  this  size  were  taken  for  the  control- 
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ling  cord.  This  was  attached  to  the  crank  of  the  mam  shaft 
and  with  a  load  of  2  5  kilograms  gave  a  speed  of  4986  levoln- 
tions,  as  a  mean  of  four  consecutive  determinations;  the 
greatest  variation  from  the  mean  being  10  revolutions,  whieh 
error  lies  within  the  limit  of  accuracy  of  the  determinatioD. 
At  this  speed  the  controlling  cord  was  formed  into  a  single 
se^ent  having  a  diameter  of  about  8*°*. 

I)uring  the  nrst  half  of  the  experiment,  in  addition  to  the 
controlling  cord,  a  single  cord  was  used.  It  was  then  replaced 
by  four  strands  and  Snally  by  a  single  cord  driven  from  the 
second  crank. 

Now  if  N  be  the  number  of  vibrations  per  unit  of  time,  L 
the  length  of  the  cord,  n  the  number  of  segments  and  V  the 
velocity  of  transmission  of  an  impulse  transmitted  to  the  cord, 
we  have  the  familiar  formula  expressing  the  transverse  vibra- 
tions of  flexible  cords; 

2L 

If  P  is  the  tension  of  the  cord,  s  its  cross  section  and  d  its 
density :  we  shall  have 


-^t 


sd 
Finally  if  X  is  the  wave  length, 

n 

V  =  NA, 

andi/Z"-    ^ 
^  sd  ~^2L' 

In  the  following  table  the  single  set  of  observations  already 
referred  to  are  given,  for  the  purpose  of  exhibiting  the  per- 
formance of  the  apparatus  under  variations  of  cross  section, 
length,  speed  and  tension.  The  results  agree  quite  closely, 
obtained  as  they  were  from  a  single  determination  of  each 
quantity,  and  they  show  the  application  of  the  apparatus  to  the 
demonstration  of  the  laws  embodied  in  the  general  formula. 

A  very  interesting  form  of  vibration  is  obtained  by  stretch- 
ing a  cord  at  45°  with  the  line  of  the  shaft.  The  crank  then 
gives  a  longitudinal  impulse  and  a  transverse  impulse  at  the 
same  time;  the  longitudinal  impulse  being  an  octave  lower 
than  the  transverse.  The  cord  thus  has  a  resultant  motion  in 
which  its  vibrations  as  a  whole  and  in  two  segments  are  plainly 


'.  S.  Moler — Transverse  Vibrations  of  Cords  and  Wires.  841 


Table. 


«erva- 
on. 


1 
o 

3 
4 
5 


>. 

6 

7 

8 

). 

9 

10 

11 

12 

13 
14 
15 
16 


Cross 
Section. 

S. 


-a 

a 
es 


Length. 
L. 
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1 
1 
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2 
2 
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2 


1 
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P. 


1 
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1 

2        ,        1 
2        '        1 

4 
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1 

2                I 
2                2 
2        i        3 
2                4 

1  strand. 

1                 1 
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1                 3 
1                4 
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26- 
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166- 
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625- 
280- 
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Square 

root  of 

Tension. 


9-5 


25*04 

12-70 

8-60 

6-40 

510 


Ck>nstant 

NL       9d 


12-52 
12-70 
12-90 
12-80 
12-75 


2504 

12-52 

16.30 

12-22 

12-90 

12-90 

5000 

12-50 

20-00 

12-50 

16-70 

12-52 

12-60 

12  60 

12-90 

12  90 

6-40 

12-80 

4-20 

12-60 

3-10 

12-40 

ible.  By  interposing  a  long  narrow  slit  between  the  cord 
1  a  strong  li^Lt,  a  single  point  may  be  illuminated,  which 
len  the  cord  is  in  motion,  traces  in  the  most  beautiful  man- 
^,  by  persistence  of  vision,  the  path  of  that  portion  of  the 
)rating  segment.  By  the  use  of  a  series  of  parallel  slits  any 
inber  of  such  illuminated  paths  may  be  made  visible  at 
2e,  bringing  out  the  character  of  vibration  of  the  entire 
^ment  with  an  indescribably  striking  effect.  The  curves 
lowed  by  the  illuminated  points  are  Lissajou's  figures  and 
idred  forms.  The  regulation  attained  by  means  of  the  con- 
lling  cord  is  so  excellent  that  it  was  found  possible  to  photo- 
iph  the  curves  with  an  ordinary  dry  plate.  During  an  ex- 
sure  of  three  minutes  the  changes  in  the  form,  size  and 
sition  of  the 'illuminated  cross-section  of  the  vibrating  seg- 
jnt  were  not  such  as  to  ruin  the  picture. 
The  behavior  of  the  vibrating  cord  as  a  controlling  device  is 
*h  that  it  seems  possible  to  use  it  to  advantage  aB  a  means  of 
taining  a  uniform  motion  in  chronographs  and  similar  instru- 
jnts.  its  length  or  tension  could  he  adjusted  without  stop- 
ig  the  apparatus  and  any  desired  rate  of  speed  could  be  thus 
tained  without  interrupting  the  work  which  might  be  in 
egress. 

une  2,  1888. 
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Art.  XXXVII. — Rhastic  Pla/nts  from  Honduras  /  by  J.  S. 

Newberry.    With  Plate  VIII. 

« 

In  1886  Mr.   ChaB.   M.   Rolker,   a  mining  engineer  and 

Saduate  of  the  School  of  Mines,  brought  from  San  Juancito, 
onduras,  among  other  geological  specimens,  a  piece  of  meta- 
morphosed shale  containing  several  impressions  of  the  fronds 
of  cycads.  As  no  Mesozoic  fossils  had  before  been  found  in 
this  region  the  discovery  interested  me  much  and  I  have  since 
made  earnest  efforts  to  obtain  other  specimens  from  the  same 
locality.  Mr.  Rolker  kindly  seconded  these  efforts  and  wrote 
to  Mr.  T.  H.  Leggett,  E.M.,  who  was  located  at  San  Juancito, 
giving  him  all  the  information  he  possessed  in  regard  to  the 
locality  where  the  fossils  were  found,  and  soliciting  his  coopera- 
tion.    This  was  cordially  granted,  with  interesting  results. 

The  specimen  brought  by  Mr.  Rolker  was  a  loose  piece 
picked  up  on  the  surface  and  nearly  two  years  passed  before 
its  place  of  origin  was  ascertained.  In  January  last  I  received 
a  letter  from  Mr.  Leggett  announcing  the  discovery  of  the 
plant  beds  and  the  shipment  to  me  of  a  box  of  fossils.  These 
were  exhibited  at  a  meeting  of  the  N.  Y.  Academy  of  Sciences 
on  Jan.  30,  1888,  and  were  briefly  described  in  the  Transac- 
tions of  the  Academy,  vol.  vii,  p.  113.  Since  that  time  Mr. 
Leggett  has  returned  to  New  York  bringing  another  box  of 
fossils  from  the  same  place,  among  which  are  some  additional 
species. 

From  the  notes  furnished  me  by  Mr.  Leggett  it  appears  that 
the  plant  beds  of  San  Juancito  form  part  of  a  series  of  argilla- 
ceous shales  now  converted  into  hydromica  schists  several 
hundred  feet  in  thickness.  Below  those,  limestones  crop  out 
which  are  said  to  contain  Carboniferous  fossils,  while  above 
them  are  heavy  masses  of  eruptive  rock.  The  plant-bearing 
shales  are  much  disturbed  and  metanior|^hosed,  and  are  cut  by 
a  series  of  silver-bearing  veins  which  have  been  worked  for 
many  years  with  considerable  success.  The  outcrops  which 
contain  the  plants  are  much  decomposed  and  few  good  speci- 
mens have  been  obtained  from  them,  but  the  number  of  species 
represented  is  large  and  it  is  evident  that  further  excavation 
would  result  in  the  aecunmlation  of  much  interesting  material. 

The  age  of  the  deposit  as  indicated  by  its  plants  is  plainly 
Upper  Triassic  and  the  flora  as  a  whole  has  a  great  resemblance 
to  tnat  of  the  coal-bearing  strata  on  the  Yaki  river  in  Sonora, 
Mexico,  described  by  me  in  the  Report  of  the  San  Juan  Ex- 
ploring Expedition,  and  to  that  described  by  Schenk  in  Dj^ 
Fossile  Flora   der   Gremschichten  des  Keupers  und  Li<u 
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Fra/nhens  and  to  Nathorst's  Florau  vid  Bjuf ;  a  nnmber  of 
the  species  being  identical  and  others  closely  allied. 

The  localities  nearest  to  Honduras  where  fossils  indicative 
of  Triassic  age  have  been  before  discovered  were  in  Sonora, 
Mexico,  2000  miles  north,  and  in  the  Andes  of  Pern,  where 
Triassic  rocks  were  found  by  David  Forbes,  2000  miles  south. 
The  plants  contained  in  the  collection  made  by  Mr.  Leggett 
are  here  briefly  described  : 

ZaYniies  {PierophyUurn)  Rolkeri  Newb.     Figs.  1,  2. 

Frond  a  foot  or  more  in  length  by  two  inches  in  width ; 
rachis  chaffy ;  pinnules  diverging  from  the  midrib  at  an  acute 
angle,  alternate,  closely  set,  attached  by  the  entire  breadth  of. 
the  base  to  the  upper  surface  of  the  midrib,  which  they  com- 
pletely cover ;  summit  rounded  or  blunt-pointed ;  nerves  fine, 
parallel. 

This  plant  has  the  general  aspect  of  those  described  by  Heer 
in  the  Flora  Arctica,  vol  iii,  PL  xiv,  XV,  xvi,  under  the  names 
of  Zamites  speciosus^  Z,  borealis  and  Z.  acutipennis^  and 
should  be  placed  in  the  same  genus.  It  also  still  more  closely 
resembles  PterophyUum  Nerhxuldaicum  Feistmantel  (Flora 
of  the  Jabalpur  Group,  p.  14,  PI.  vi,  figs.  9,  9a),  and  ^^  Zamites 
obtusifoliv^  and  '^ Pterozamites  graciliB'*'^  of  Emmons  (Amer. 
Geol.  Kt,  vi,  p.  118,  il9,  figs.  85,  86). 

It  is  evident  that  all  these  plants  should  be  separated  from 
Zamites  if  Z.  Feneonis  Brongt.  be  taken  as  a  type  of  that 
genus.  And  they  cannot  be  included  in  PterophyUum  if, 
with  Schimper  and  Schenk,  who  have  given  us  the  latest  and 
best  classification  of  fossil  cycads,  we  restrict  that  name  to 
those  in  which  the  pinnules  are  set  at  a  right  angle  with  the 
rachis  and  are  connate  at  their  bases.  Some  writers  would  put 
them  in  CtenophyUurn  and  they  are  certainly  closely  allied 
to  the  group  of  cycads  typified  by  PterophyUum  pecten  of 
lindley  and  Hntton  (now  VtenophyUiim\  but  have  little  in 
common  with  the  gigantic  Gtenovhyllum,  grandifolium,  of  Fon- 
taine (Older  Mesozoic  Flora  of  Virginia),  in  which  the  pinnules 
are  set  on  the  side  of  the  rachis,  have  the  bases  dilated  and  are 
sometimes  a  foot  in  length  by  half  an  inch  in  width. 

Zamites  (  Otozamites)  Leggetti  Newb.     Figs.  3,  4. 

Fronds  linear,  one  and  a  quarter  inches  in  width  by  eight  to 
ten  inches  in  length ;  pinnules  alternate,  crowded,  set  on  the 
upper  side  of  the  racnis,  their  bases  meeting  above,  closely 
approaching  below ;  in  form  they  are  oblong  or  linear,  ob- 
hquely  rounded  above,  sometimes  slightly  rounaed  at  the  base ; 
nerves  fine,  radiate  below,  parallel  above. 
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This  plant,  like  the  preceding,  was  briefly  characterized  in 
the  Transactions  of  the  New  York  Academy  of  Sciences,  vol. 
vii,  p.  114.  It  differs  from  Z,  Rolkeri  in  its  shorter  and 
broader  pinnules  and  in  its  nervation,  which  is  partly  radiate. 
Better  specimens  than  any  yet  obtained  are  needed  before  a 
complete  description  of  it  can  be  written,  or  its  generic  rela- 
tions be  accurately  determined.  Some  of  the  pinnules  appear 
to  be  attached  by  the  entire  base,  while  in  others  the  attach- 
ment is  only  by  the  central  portion  and  the  nervation  is  more 
distinctly  radiate.  Like  the  preceding  species  it  is  only  referred 
.to  Zamiies  provisionally,  and  it  is  almost  certain  that  they  will 
ultimately  be  assigned  to  different  genera. 

In  general  aspect  this  and  the  preceding  species  closelv 
resemble  PtilophyUum  acutifoliuin  and  PL  Xjutchense  Morris, 
Fossil  Flora  of  India,  but  are  distinctly  separated  from  them 
by  the  mode  of  attachment  and  the  nervation. 

It  is  evident  that  still  another  review  of  fossil  cycads  is 
needed  although  we  have  had  so  many  already,  but  this  is  no 
place  for  it  and  it  will  be  suflScient  for  our  present  purpose  to 
refer  the  plants  described  above  to  Zamiies^  as  Heer  has  done 
those  with  which  I  have  compared  them,  leaving  their  final 
generic  titles  to  be  decided  hereafter,  by  the  study  of  more 
complete  specimens. 

Otozamites  li?iguiformis^  n.  sp.     Figs.  9,  10. 

Fronds  strong  ;  rachis  striate ;  pinnules  one  to  two  inches  in 
length  by  half  an  inch  in  width,  crowded,  sometimes  overlap- 
ping ;  below  issuing  from  the  rachis  at  right  angles,  above 
obliquely;  outline  long-tongue-shaped ;  summits  evenly  rounded, 
bases  unequally  cordate,  attached  by  a  single  point  at  the 
center ;  nerves  numerous,  fine,  simple  or  forked,  radiating 
from  the  center  of  the  base  to  all  parts  of  the  margin. 

This  handsome  species  is  allied  to,  though  quite  distinct 
from,  Otozamites  Macomhii  N.  from  the  Upper  Triassic  rocks 
of  Sonora,  Mexico.     (Report  of  the  San  Juan  Expedition,  p. 
141,  PI.  IV,  figs.  1,  2).    In  that  species  the  pinnules  are  broader, 
are  abruptly  rounded  or  truncated  at  the  summit,  and  on  the 
lower  part  of  the  frond  are  quadrate  ;  while  the  corresponding 
pinnules  of  the  plant  now  described  are  oval.     Some  of  the 
upper  pinnules  are  set  obliquely  on  the  rachis,  are  long-ellip- 
tical in  outline,  slightly  curved  or  sigmoidal,  are  obliquely 
rounded  at  the  base  and  attached  by  a  single  point,  thus  con- 
forming strictly  to  the  definition  of  Glossozamites  Schimper, 
and  serving   as   a   connecting   link   between  that  genus  and 
Otozainites,     Whether  the  rachis  in  our  plant  is  furrowed  as 
in  the  type  species  of  Glossozaviiti's  {G.  ZitteUi  Schenkj  is 
not  certain,  but  apparently  it  is  so.     Figure  10  represents  one 
of  the  longer  pinnules  detached. 
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Taeniopteris  glossqpteroides  Newb. 

Frond  simple,  six  to  twelve  inches  in  length  by  one  and  a 
half  to  two  inches  in  width,  spatulat«  in  outline,  summit  sub- 
acute, base  long-wedge-shaped,  the  median  nerve  strong  and 
smooth,  the  lateral  nerves  relatively  sparse  and  distinct,  fre- 
quently forked  at  base,  more  rarely  above,  the  branches  some- 
times approaching,  forming  elongated  areoles  but  never  inos- 
<;ulating. 

This  species  was  first  obtained  from  Sonora,  Mexico,  and  was 
describea  in  the  San  Juan  Report,  p.  147,  PI.  viii,  fig.  2a.  By 
an  error  of  the  draughtsman  the  lateral  nerves  were  represented 
as  inosculating,  but  recent  observation  has  shown  that  they  do 
not  join.  Owing  to  this  error  another  plant  was  confounded 
with  this,  which  strengthened  the  misapprehension  in  regard 
to  its  nervation.  This  latter  plant  is  shown  in  fig.  2  of  the 
plate  cited,  where  it  is  given  a  strong  midrib,  though  it  had 
none,  unless  toward  the  base ;  but  has  a  distinctly  reticulated 
nervation.  It  therefore  belongs  to  Feistmantel's  genus  Gan- 
aamopteris  and  I  have  called  it  G.  Americanus.*  The  plant  I 
nave  named  Taeniopteris  glossopteroides  is  represented  by  a 
number  of  specimens  in  the  collection  of  Mr.  Leggett,  but 
unfortunately  owing  to  the  weathering  of  the  rock  they  do  not 
show  the  nervation  well.  The  lateral  nerves  from  base  to 
summit  leave  the  midrib  at  an  acute  angle,  generally  arching 
with  a  gentle  curve  to  the  margin,  but  sometimes  nearly 
straight.  They  are  often  forked  near  the  base,  more  rarely 
above,  sometimes  running  near  together,  but  apparently  never 

1'oin.  This  nervation  is  just  that  of  Taeniopteris  marantacea 
i^resl.  (Pecopteris  macropliyllura  Brongt.,  Stangerites  maran- 
tacea Bomem),  a  plant  made  the  type  of  his  genus  JJana^opsis 
by  Heer ;  but  in  that  plant  the  frond  is  pinnate,  in  ours  it  is 
symmetrically  spatulate,  gradually  narrowed  to  the  base,  and 
was  undoubtedly  simple.  In  all  the  characters  shown  in  the 
specimens  before  me  this  plant  comes  nearest  to  the  group  of 
Permian  species   to  which   Schimper  restricts   the   name   of 

*  The  distinction  between  Gangamopteris  and  Glofisopleris  is  not  quite  as  clear 
48  it  might  appear  from  a  comparison  of  the  specimens  figured  and  described  by 
Peistmantel  in  his  Flora  of  the  Talchir-Karharbari  Beds ;  the  diagnostic  character 
of  Ganffamopteria,  the  absence  of  a  midrib,  being  variable,  as  shown  in  his 
Olossopteris  decipiens  (op.  cit,  p.  17,  PI.  xviii,  figs.  3-5),  in  which  the  midrib 
fades  out  in  the  upper  part  of  the  leaf.  This  I  find  also  to  be  true  of  a  number 
of  Australian  specimens  in  my  possession.  These  include  many  leaves  of  small 
size  having  the  spatulate  outline  and  rounded  summit  of  (r.  Brotoniana,  and 
labeled  as  such,  and  others,  much  larger,  of  G.  ampla  Dana.  Both  these  forms 
ahow  a  midrib  only  near  the  base,  and  have  a  nervation  but  sparingly  reticulate, 
with  elongated  meshes.  Other  specimens  representing  Dana's  G.  elongata  and  G. 
rettai/um  (Geol.  V.  S.  Exploring  Expedition  Atlas,  PI.  xiii,  figs.  2,  3,  4)  have  the 
midrib  persistent  to  the  summit  and  the  nervation  strongly  reticulate  throughout. 
These  two  forms  might  stand  for  Gangamopteris  and  Glosaopteria  if  to  the  former 
genus  a  midrib  were  conceded  for  part  of  the  length  of  the  frond. 
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Taeniopterisj  viz :  T.  midtinervis  Weiss,  T.  Eckardi  Grerm, 
etc.  More  and  better  specimens  must,  however,  be  obtained 
from  Honduras  before  the  relations  of  these  plants  can  be 
accurately  determined. 

Encephalartos  f  denticxdatus^  n.  sp.     Fig.  6. 

Size  of  frond  unknown,  rachis  smooth  or  finely  striated 
longitudinally  ;  pinnules  diverging  at  an  angle  of  about  45^ 
lanceolate,  30°'°'  long  by  6°*°*  wide,  acute,  gradually  narrowed 
to  the  point,  abruptly  narrowed  at  the  base  which  is  attached 
by  its  entire  breadth ;  margins  set  with  numerous,  spiny  teeth ; 
nerves  tine,  mostly  parallel,  somewhat  radiate  from  the  base 
and  many  terminating  in  the  teeth  of  the  margin. 

Of  this  remarkable  cycad  only  a  single  specimen  has  yet 
come  into  my  hands.  This  is  a  fragment  apparently  from  the 
middle  of  a  frond  showing  three  complete  pinnules  and  the 
bases  of  two  others.  Its  general  characters  are  well  shown  in 
the  figure.  So  far  Jis  known  this  is  the  first  instance  of  the 
discovery  of  a  cycad  with  denticulated  pinnules  in  American 
Mesozoic  ro(.»ks,  and  among  foreign  cycads  only  a  group  of 
species  of  Splienozamites  have  pinnules  with  toothed  margins. 
It  is  not  uncommon  to  see  this  character  in  living  cycads,  par- 
ticularly in  Encephalartos  and  2^uma.  In  the  latter  genns 
the  nerves  an^  j>arallel  and  terminate  in  closely  approximated 
marginal  tooth  or  notches  toward  the  upper  extremity.  In  the 
former  gonus.  howovor,  forms  occur  which  are  almost  exactly 
likt*  tlu>so  )>rosontod  bv  the  fossil  imder  consideration,  viz: 
fronds  l>oaring  ninnulos  i>bliquely  inserted,  contracted  at  the 
l>aso,  lanooi>lato  in  outline,  having  tine  mostly  parallel  nerves 
and  margins  sot  with  spiny  teotli,  e.  g.,  Encephahirtos  Alkn- 
stfihii  l.olnuann.  ('a|KM>f  (tixhI  Hope.  This  correspondence  in 
tho  t'orni  of  tho  pinnules  is  so  close  that  I  felt  warranted  in 
^laoiuiT  our  t\»ssil  priuisionally  in  the  genus  EncephalarUy*. 
riio  fruotitioation  will  of  course  Iv  nec*essarv  for  a  aemonstra- 
tion  oi  giMiorio  idontitv  and  has  not  vet  been  obtained. 

i>nlv  ono  fossil  siHvies  of  EnKyp}iahjrtos  has  yet  been  de- 
sorihoil  and  tl^at  is  X'.  i7  0)\\'!xhinu^  Saporta,  f rom  the  Miocene 
TiMiiarx  of  Koumi,  (mnw.  This  h;is  lanceolate,  acute  entire 
pinnulos,  two  inches  louir*  si>mowhat  constricted  at  the  ba^ 
and  Nliirinlv  doourriMit  ;  norvos  parallel.  It  is  supposed  io 
i^^pi^^Nont  an  extinct  sixvio^  of  Hnc<:phalartos  similar  to  A 
lih'\,vii  kA  South  Atrioa,  but  the  similarity  between  these 
f*vs>il  .spo\Mos  is  M%Hi\vly  as  grt\-it  as  l>etween  the  plant  under 
<HM^Mdorati^m  and  K  \VU'iSt<i'if*  Lehm.,  with  which  I  have 
iVMnpai>^l  it 


\ 
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Sphenozamites  robuatuSy  n.  sp.     Figs.  12-14. 

'rond  large,  form  unknown,  pinnules  one  to  four  inches  in 

^h,  o^'oia  or  lanceolate  in  outline^  narrowed  and  thickened 

;he  base,  pointed  at  summit,  margins  entire,  thickened  ; 

res  few  and  strong  at  base,  forking  and  multiplying  above, 

urging  to  all  parts  of   the   margins,   not  converging  at 

irait 

Juite  a  number  of  pinnules,  all  more  or  less  imperfect,  of 

remarkable  cycad,  are  contained  in  the  collection  brought 
Mr.  Leggett  from  Honduras.  They  vary  considerably  in 
n  and  size,  but  present  characters  which  are  somewhat  at 
ance  with  those  of  any  other  fossil  cycads  known,  though 
f  most  resemble  those  of  some  species  of  Sphenozamites. 
jy  are  distinctly  wedge-shaped  at  base,  expanding  to  an 
ymmetrical  ovoid  or  lanceolate  outline  above  with  radiate 

divergent  nerves,  which  below  are  few  and  coarse,  above 
Y  fine.  In  the  larger  pinnules  the  summit  is  pointed  and 
ome  cases  uusym  metrically  acute.  If,  as  seems  probable, 
curvature  of  the  pinnules  was  toward  the  summit  of  the 
id  the  general  aspect  of  the  plant  may  have  been  much  like 
t  of  Sjmenozamites  Oeylerianus  Zigno  (Flor.  Fos.  Oolitica, 

ii,  p.  107,  PI.  XXXIX,  tigs.  1,  2)  only  it  must  have  been 
3h  larger.     Fragments  of  the  lower  portions  of  the  pinnules 

not  unlike  some  of  the  specimens  of  Podozamites  lati- 
nis  figured  by  Heer  (Flor.   Fos.  Arctica,  vol.  vi,  PI.  XIV 

XV),  but  the  nerves  are  not  parallel  with  the  margins  nor 
they  converge  at  the  summit. 

Lmong  other  described  fossil  cycads  none  seem  to  approach 
lear  to  the  plant  before  us  as  the  species  of  Sphenozaiaites 
h  entire  pinnules,  and  here  the  resemblance  is  so  close  that 
ive  felt  justified  in  referring  it  provisionally  to  that  genus. 

Sphenozamites  ?  grandis,  n.  sp. 

^innules  four  inches  or  more  in  length,  oblong  or  lanceolate, 
ase,  narrowed  and  thickened  toward  the  base,  nerves  strong, 
ight,  simple  or  rarely  forked,  part  diverging  from  the  base 
he  margins,  part  running  parallel  to  the  upper  extremity. 
)f  this  plant  we  have  numerous  fragments  in  the  collection, 
none  of  them  complete  organs.  The  pinnules  were  four 
ive  inches  in  length  by  an  inch  in  width  and  are  conspicu- 
f or  their  clear  and  strong  nervation,  which  is  radiate  from 
base.  They  undoubtedly  represent  a  large  cycad,  hitherto 
lescribed,  but  it  will  be  necessary  to  have  complete  pinnules 
decide  whether  it  should  be  referred  to  Sph^nozamiteSy 
>zamUeSy  or  Glossozamites.  It  must  have  been  much  like 
plant  described  by  Feistmantel  (Foss.  Flora  of  the  Lower 


1  Dy 
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idwanas,  p.  19,  Pi.  xx,  figs.  4,  5)  under  the  name   of 
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GJosBozamites  StoliczkanuB^  and  should  doubtless  be  included 
in  the  same  genus,  but  it  seems  to  me  very  doubtful  whether 
that  should  be  the  same  as  that  for  which  6r.  Zitteli  stands  as 
the  type. 

Anomozamites  elegans^  n.  sp.     Figs.  6—8. 

Fronds  narrow,  elongate,  delicate,  from  half  an  inch  to  one 
inch  in  width,  length  unknown  ;  midrib  straight  and  persistent 
but  slender ;  pinnules  near  base  in  close  contact,  as  broad  as  long, 
forming  a  scolloped  margin  to  the  midrib ;  above  subquadrate 
or  rhomboid  in  outline  with  the  lower  external  angle  rounded, 
the  upper  subacute,  produced ;  nerves  fine,  simple  or  forked, 
parallel  with  the  upper  margin  of  the  pinnules. 

Among  the  fossil  plants  brought  from  San  Jnancito  by  Mr. 
Leggett  are  a  number  of  narrow  fronds  with  subquadrate  pin- 
nules which  evidently  represent  the  group  of  cycads  which 
nms  through  the  Mesozoic  rocks  of  Europe,  beginning  with 
A,  viimis  Brgt.  in  the  Rlijetic  and  ending  with  A,  Schanm- 


ferred  to  it  is  distinguishable  by  the  more  pointed  and  pro- 
duced upper  angles  of  the  pinnules.  Figure  6  apparently  rep- 
resents the  basal  portion,  fig.  7,  the  middle  and  fig.  8,  the 
summit  of  these  fronds. 

I^f.rop/tf/ilum  jyropiftqtntm  ?  Goepp. 

Frond  large,  pinnules  subalternate,  linear,  long-pointed,  four 
inches  in  length  bv  one-half  an  inch  in  l)readth  at  base,  gradu- 
ally narrowed  to  the  acute  extremity,  springing  from  the  rachis 
at  right  angles ;  base  sometimes  slightly  rounded  and  narrowed, 
oftcncr  attached  by  its  entire  breadth:  nerves  distinct,  simple, 
parallel. 

'J'ho  specimens  I  have  of  this  plant  are  too  few  and  iinper- 
tect  to  make  a  comparison  with  the  species  deserilwd  by  Goep 
pert  entirely  sati>factory.  The  bases  of  si»me  of  the  pinnules 
seeiu  to  be  slightly  contracted  and  with  a  few  divergent  nerves. 
It  this  should  be  shown  by  better  sjx^cimens  to  be  a  constant 
character  it  would  bring  this  ]>lant  into  Zaviites  and  into  close 
relationship  with  Z.  lifUtvUri  lleer,  of  which  the  size  and 
giMieral  aspect  must  have  been  very  similar. 

PttrophyUum  Brauttsii  f  Schenk. 

Ot  this  plant  i>ne  complete  pinnule  and  several  fragments  are 
<»ontained  \\\  the  collection,  but  are  s^»arcely  sufficient  for  accu- 
rate determination.  It  is  evident,  however,  that  we  have  here 
the  remains  of  a  species  of  PUrophyU»im  ot  Nilssonia  remark- 


J,  S.  Newberry — Rhxxstic  PlanUfrom  Ilondv/rds,      349 

bly  like,  if  not  identical  with  that  described  by  Schenk  (Flora 
er  Grenzschicten,  p.  168,  PL  XL,  figs.  2,  3)  under  the  name  of 
'^terophyllum  JBraunsii.  The  pinnules  were  attached  by  the 
ntire  base,  are  an  inch  in  width  by  two  and  a  half  inches  in 
ength,  the  summit  is  obliquely  rounded,  the  nervation  fine, 
parallel  and  simple,  sometimes  dotted  as  shown  in  Schenk's 
igure. 

A  nearly  related  plant  to  this  is  Pt  princepa  Oldham  and 
liorria  (Fossil  Flora  of  the  Rajamahal  Series,  p.  23,  PL  x-xiii), 
>ut  our  material  is  too  imperfect  for  the  determination  of  spe- 
ific  identity  or  difference. 

Dioonites  longifolius  ?  Emmons. 

An  imperfectly  preserved  fragment  from  the  middle  of  a 
rond  is  all  we  have  of  a  plant  that  if  not  identical  with  must 
lave  been  very  closely  allied  to  that  described  by  Emmons 
Amer.  GeoL,  Part  VI,  p.  116,  fig.  83)  from  the  Upper  Triassic 
trata  of  North  Carolina. 

Dioonites  CamaUianuaf  Goepp. 

This  plant  is  imperfectly  shown  in  the  collection  made  by 
tfr.  Leggett,  but  is  plainly  distinct  from  any  other  with  which 
t  is  associated.  It  evidently  belongs  to  a  group  of  cycads 
vhich  form  a  marked  feature  m  the  Khsetic  flora  and  of  which 
Pterophyllum  VamaUianum>  of  Goeppert  may  be  taken  as  a 
ype.  In  this  group  the  fronds  are  broad,  the  pinnules  very 
ong  and  narrow,  attached  to  the  rachis  by  the  entire  bases, 
vhich  are  sometimes  slightly  decurrent,  but  never  expanded 
ipward  nor  connate  ;  the  nerves  are  sharply  defined,  but  fine, 
imple  and  parallel. 

More  material  will  be  required  before  the  identity  of  the 
Honduras  plant  with  that  to  which  it  is  provisionally  referred 
lan  be  asserted.  It  is,  however,  a  distinct  element  in  the  San 
Tuancito  flora  and  deserves  mention  from  its  relationship  with 
^e  group  of  Eheetic  cycads  with  which  I  have  compared  it. 

Nilsaonia  polymorpha  Nathorst. 

Only  a  few  fragments  of  this  plant  are  contained  in  the  col- 
ection  made  by  Mr.  Leggett,  but  these  are  quite  suflScient  to 
how  its  distinctness  from  any  other  with  which  it  is  associated 
md  to  determine  its  generic  relations.  Whether  the  segments 
>f  the  frond  were  united,  as  is  usual  in  N.  poVymorpka^  can 
>nly  be  determined  from  other  collections,  but  this  is  not  indi- 
jated  by  the  specimens  before  us ;  the  pinnules  being  entirely 
iistinct  and  separated. 

Fragments  of  the  species  of  Anomoeamites  found  with  this 
night  at  first  sight  be  confounded  with  it,  but  in  these  the 
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diviBions  of  the  frond  are  not  carried  down  to  the  rachis  and 
the  nervation  is  much  finer.  A  similar  and  perhaps  an  identi- 
cal species  of  NUaaonia  occurs  in  the  Triassic  coal  basin  of 
Sonora,  Mexico. 

NoggerathiopaiSy  sp.  . 

Among  the  fossil  plants  from  Honduras,  as  well  as  those  col- 
lected by  Remond  m  Sonora,  are  some  which  perhaps  repre- 
sent different  genera,  certainly  different  species,  but  which  are 
alike  in  having  spatulate  or  wedge-shaped  leaves  several  inches 
long,  traversed  by  a  fine  or  coarse  parallel  nervation.  Part  of 
these  undoubtedly  belong  to  the  genus  Ndgaerathiopaia  so 
common  in  the  Mesozoic  rocks  of  Australia  and  India,  but  they 
are  too  imperfect  to  be  satisfactorily  identified  or  described. 
Some  of  them  must  have  been  a  foot  or  more  in  length,  and 
they  differ  considerably  in  shape,  either  expanding  rapidly  or 
being  long  and  strap  like.  The  nervation  is  sometimes  so  fine 
as  scarcely  to  be  visible,  in  other  cases  very  coarse,  but  exact 

Several  ferns  are  contained  in  the  collection,  but  the  sped- 
meijs  are  too  much  weathered  and  decayed  to  permit  of  their 
identification  or  satisfactory  study.  All  these,  with  many  other 
things  of  which  only  fragments  have  been  obtained  by  Mr. 
Leggett,  will  doubtless  receive  attention  and  elucidation  from 
those  who  hereafter  may  have  an  opportunity  of  studying  the 
rich  flora  which  it  is  the  object  of  this  paper  to  bring  to  the 
notice  of  geologists. 

This  discovery  of  a  Triassic  flora  in  Honduras  is  a  matter  of 
special  interest,  as  nothing  of  the  kind  had  before  been  met 
with  in  that  section  of  the  globe ;  but  it  is  only  another  illus- 
tration of  the  uniformity  of  the  vegetation  of  the  world  during 
the  Triassic  age.  This  uniformity  was,  however,  only  a  develop- 
ment of  the  systematic  progress  of  plant  life.  Tne  reign  of 
Acrogens  ended  with  the  rermian.  The  Rhaetic  epoch  was 
therefore  about  the  middle  of  the  reign  of  Gymnosperms.  No 
Angiosperms  were  yet  in  existence,  for  they  began  in  the 
Cretaceous.  Hence,  after  the  decadence  of  the  Lepidodendra^ 
SlgUlarice,  Calaviitea  and  Cordaites^  the  whole  world  was 
opened  to  occupation  by  the  new  dynasty  of  plants,  the  Gym- 
nosperms (Cycads  and  Conifers)  and  the  peculiar  group  of 
Mesozoic  ferns.  They  lost  no  time  in  enterins:  upon  their 
promised  lar.d  and  spread  until  they  covered  ail  portions  of 
the,  to  them,  habitable  globe. 

Where  the  Gymnospermous  flora  originated,  or  how  it  was 
developed  from  the  Acrogens,  if  it  was  so  developed,  and 
through  the  exercise  of  what  elements  of  superiority  it  sn- 
perseded  them,  we  are  as  yet  in  ignorance.     It  is,  however, 
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a  matter  that  may  well  excite  our  wonder  that,  mi^ratin^ 
8uch  immense  distances  from  their  places  of  oripn,  through 
every  phase  of  soil  and  climate — tnrough  all  the  zones  of 
the  Eastern  Hemisphere,  and  now,  as  we  learn  from  this 
group  of  Honduras  plants,  through  the  New  World — they 
marcned,  holding  so  lirmly  to  their  original  group  of  charac- 
ters, generic  and  specific,  that  wherever  we  open  their  tombs 
we  recognize  them  instantly  as  old  friends.  In  their  long 
marches  some  perished  by  the  way,  and  here  and  there  their 
numbers  were  recruited  by  new  forms,  imported  or  developed ; 
but  the  leading  members  of  the  troop,  in  virtue  of  some  occult 
protection  against  outside  influences,  preserved  almost  without 
alteration  all  the  complicated  characters  of  their  vegetative  and 
reproductive  systems. 

We  shall  look  now  with  eagerness  to  South  America  for  the 
identification  there  of  this  Mesozoic  flora,  which  we  have  found 
in  full  development  in  Virginia,  New  Mexico,  Sonora,  and  now 
in  Honduras.  It  had  before  been  recognized  in  Australia — 
where  it  seems  to  emerge  from  the  Paleozoic  flora  and  perhaps 
began — New  Zealand,  India,  Tonquin,  China,  Turkestan,  and 
various  parts  of  Europe. 

Hence,  with  its  discovery  in  South  America  we  shall  see  it 
reaching  as  a  girdle  around  the  entire  globe.  This  girdle  was 
not  put  around  the  earth,  however,  like  Puck's,  in  forty  min- 
utes, but  in  thousands  and  millions  of  years;  for  when  we 
realize  with  what  slowness  the  migration  of  plants  takes  place, 
we  must  recognize  in  the  universal  distribution  of  the  Carbon- 
iferous and  Mesozoic  floras  evidence  of  the  lapse  of  intervals  of 
time  of  which  the  duration  is  simply  immeasurable  to  us. 


Abt.  XXXVIII. —  On  the  Circular  Polarization  of  certain 
Tartrate  JSolutions.    I.    By  J.  H.  Long. 

The  change  in  the  circular  polarization  of  a  solution  of  an 
active  substance  by  admixture  with  an  inactive  oue  has  been 
studied  in  several  cases.  Miintz  found,  for  instance,  that  the  spe- 
cific rotation  of  cane  sugar  for  a  concentration  of  20*^  in  100'* 
changed  from  [aj^  =  66-°5  to  [ajo  =  ee-'^S  by  addition  of  6^ 
of  NaCl,  and  to  61  ^O  by  addition  of  20^* 

The  same  chemist  and  others  have  shown  the  effects  of  add- 
ing various  substances  to  sugar  solutions.  In  most  cases  a  de- 
crease in  the  specific  rotation  was  found. 

Under  certain  circumstances  the  addition  of  an  inorganic 
mbstance  converts  an  inactive  organic  body  into  an  active  one, 
IB  in  the  case  of  mannite  when  in  solution  with  alkalies,  wetJc 
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'tnre  and  amonnt  of  the  change  is  characteriBtic  of  certain 
groups  of  salts.    These  points  are  shown  below. 

At  the  outset  I  prepared  a  quantity  of  pure  Sochelle  salt, 
Bufficient  for  all  experiments  contemplated,  and  determined  the 
rotation  with  five  solutions  containing  exactly  5,  15,  25,  35  and 
45»»  in  lOO**,  measured  at  20°  C. 

The>  results  of  these  tests  are  given  in  the  table,  the  specific 
rotation  being  calculated  from  the  formula^ 

10*  a 

W  =  -ra' 

in  which  a  is  the  observed  angle  of  rotation,  L  the  length  of 
the  tube  containing  the  solution  in  millimeters,  and  C  the  con- 
centration of  the  solution,  that  is,  the  number  of  grams  in  100~ 


T 

L 

C 

Sp.  Gr.  (^) 

a 

[«] 

20° 

200""^ 

5 

1-0261 

2°-214 

22°-14 

20° 

200"™ 

15 

1-0739 

6°-6^0 

22°-16 

20* 

200"" 

25 

1-1202 

ll°-058 

22°12 

20° 

200"" 

35 

1-1655 

15°-493 

22°-13 

20° 

200"" 

45 

1-2100 

19°-854 

22°-06 

The  specific  rotation  appears  to  be  practically  constant  with 
the  varying  concentration,  and  the  change  in  the  angle  of  rota- 
tion by*  variation  of  temperature  is  inappreciable  as  I  found  by 
observing  several  of  the  solutions  when  heated  to  35°.  Krecke 
found  {Arch.  Neerland,^  vii,  202),  with  a  Rochelle  salt  solution 
containing  20«"'  in  100%  the  sj)ecific  rotation  [aJD  =  22°  42  at 
25°  C.  For  a  solution  containing  lO'TTI*^  of  the  anhydrous 
salt  in  100~  Landolt  found  {Benckte,  vi,  1073),  [aj^  =  29°-67, 
which  is  equivalent  to  22°  09  for  the  crystals. 

This  is  practically  the  same  as  I  obtained  in  the  table  above, 
and  as  I  found  it  in  numerous  other  tests  carefully  conducted  I 
am  inclined  to  think  it  is  the  true  specific  rotation.  In  what 
follows  I  will  take  22°-l  as  the  constant  at  20°. 

For  each  one  of  the  following  tests  I  took  20*"  of  the 
Rochelle  salt  and  dissolved  it  in  a  narrow-necked  fiask  grad- 
uated to  hold  100^  at  20°.  Then  the  amount  of  the  inactive 
salt  was  added  and  water  enough  to  nearly  reach  the  mark. 
After  shaking,  the  flask  was  brought  to  the  right  temperature 
by  suspending  it  in  a  large  vessel  oi  water  kept  at  20°.  A  little 
distilled  water  having  the  same  temperature  was  added  and  this 
was  continued,  until,  after  shaking,  the  mark  was  just  reached. 
The  limit  of  error  here  is  about  one-twentieth  of  one  per  cent. 

The  solutions  so  made  were  then  used  in  the  polariscope.  In 
all  the  experiments  here  given  the  temperature  was  kept  at  20° 
and  the  200"™  tube  was  employed. 

The  following  table  embraces  the  results  obtained : 

Am.  Jons.  Soi.~Thibd  Sbbies,  You  XXXYI,  No.  216.~Noy.,  1888. 
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Formula  and  amount  of  Inac- 
tive salt  added  to  aOnrm.  of 
KXa  C4H40«.4H,0  in  lOOcc. 

NaCl 5f« 

NaCl 10 

NaCl 15 

NaCl 20 

XaBr 5 

NaBr 10 

NaBr 15 

NaBr 20 

NaaSO*  (anhyd.) 5 

Na,S04  ...  10 

XaaSO*  15 

Na,S04  20 

NaNO, 5 

NaNO, 10 

NaNO, 15 

NaNO, 20 

NaaHPO*  .  12H,0..  5 

NaaHP04  .  12HaO,.  10 

Na,HP04  .  12H,0..  15 

NaaHP04.  12H,0..  20 

NaaSaO,  .  5n90 5 

NaAO,  .  5HaO 10 

NaaS,0,  .  5HaO 15 

Na,S,0,  .  5H,0 20 

NaH,PO,  .  HaO 5 

NaHjPO,  .  H,0....  10 

NaH,PO,  .  H,0.!..  16 

Nall^POa  .  HaO.--.  -20 

NaCsH.O, .  3H.jO...  5 

NaCHjOa.  3H,0...  10 

NaCaHaOo  .  :UI,0...  15 

NaC-jHaO, .  3HaO...  20 

Na2B407  .  lOUaO...  10 

NaaWO*  (anhyd.)---  10 

LiCl  (anhyd.) 6752 

TI2SO4 5 

KCl 5 

KCl 10 

KCl 15 

KCl... 20 

KBr 5 

KBr 10 

KBr 15 

KBr 20 

KI 5 

KI 10 

KI   15 

KI   20 

KNO, 5 

KNO, 10 

KNO, 15 

KNO, 20 


Ohnerved 

rotation 

a 

8'-719 

Specific 
rotation 

[a] 

2r-80 

DeviatioD 

from 
NormAl 

-•-30 

8-483 
8-218 
7-900 

21*21  • 

20-54 

19-75 

-  -89 
-1-56 
-2-35 

8757 
8-668 
8-558 
8-440 

21-89 
21-67 
21-40 
21  10 

-  -21 

-  -43 

-  -70 
-1-00 

8  669 
8-526 
8-376 
8  200 

2167 
21-32 
20-94 
20-50 

-  -43 

-  -78 
-1-16 
-1-60 

8-688 
8-604 
8-514 
8-426 

21-72 
21-61 
21-29 
21-07 

-  -38 

-  -59 

-  -81 
-1-03 

8-766 
8-721 
8-675 
8-630 

21-91 
21-80 
21-69 
21-58 

-  -19 

-  -30 

-  -41 

-  -62 

8-744 
8  611 
8-497 
8-365 

21-86 
21-53 
21-24 
20-91 

-  -24 

-  -67 

-  -86 
-119 

8-761 
8-575 
8-360 
8  127 

21-90 
21-44 
20-90 
20-32 

-  -20 

—  -66 
-1-20 
-1-78 

8-782 
8681 
8-566 
8-450 

21-95 
21-70 
21-41 
2112 

-  -15 

-  -40 

-  -69 

-  -98 

8-729 

21-82 

-  -28 

8  276 

20*69 

-1-41 

8  172 

20-43 

-167 

7-469 

1867 

-3-43 

9-088 
9140 
9-228 
9-372 

22-72 
22-85 
2307 
23  43 

+   -62 
+    '5 
+   -97 
+  1.33 

9-087 
9-123 
9-172 
9244 

22-72 
22-81 
2293 
2311 

+    -62 
+    -71 
+   -83 
+  1-01 

8918 
9-025 
9-105 
9-182 

22-29 
22-56 
22-76 
22-95 

+   -19 
+   -46 
+   -66 
+   -85 

8-986 
9-104 
9-239 
9-387 

22-46 
22-76 
2310 
23-47 

-J-   -36 
+   -66 
+  100 
+  1-37 
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Formula  and  amount  of  inac-  Observed  Specific        Deviation 

tive  salt  added  to  20gm.  of  rotation  rotation  from 

KNa  C4H40«.4H,0  in  lOOec.  a  [a]  Normal. 

KSCy 5  8-994  2248  +  38 

KSC^ 10  9030  22-58  -f  48 

KSCy 15  9075  22-69  +  -59 

KSCy 20  9134  22*83  +  73 

KCaHaOa 5  9008  22-62  +    -42 

KCaHjOa 10  9-093  22-73  +63 

KCaH.Oa 15  9-160  22  90  +   -80 

KC,H,Oa 20  9  248  23-12  -fl02 

KaSO* 5  9-040  22-60  +   -60 

KaSO* 10  9094  22-73  +    -63 

KaCa04.HaO 6  9030  2257  +47 

NH4CI 5  9033  22-58  +   -48 

NH4CI 20  9-239  23-10  +1-00 

NH4Br 5  8-987  22-47  +   -37 

NH4Br 16  9093  2273  +   -63 

(NH4)aC,04.  HaO...       6  9  004  22  61  +41 

NH4SCy 10  9036  22*59  +   -49 

A  simple  inspection  of  the  table  shows  immediately  several 
portant  points.  The  addition  of  the  sodium  salts,  without 
3eption,  causes  a  decrease  in  the  rotation,  which  is  greater  as 
)  amount  of  inactive  salt  is  increased.  The  behavior  of  -the 
illium  salt  is  interesting ;  here  a  remarkable  change  is  pro- 
ced.  Experiments  now  in  progress  promise  to  throw  some 
ht  on  the  action  of  thallium  compounds  in  parallel  cases, 
e  addition  of  potassium  and  ammonium  salts,  without  excep- 
n,  increases  tne  specific  rotation.  This  deviation  becomes 
3ater  as  more  of  the  inactive  salt  is  added.  We  have  here  a 
narkable  diflEerence  between  the  sodium,  thallium  and  lithium 
upounds  on  the  one  hand  and  the  potassium  and  ammonium 
upounds  on  the  other.  These  peculiarities  may  sometimes 
applied  in  the  quantitative  analysis  of  salt  mixtures.  These 
aracteristic  points  and  the  amount  of  variation  can  be  most 
iveniently  snown  by  curves  in  which  the  abscissas  are  the 
lounts  of  inactive  substance  in  solution  with  20*^  of  Rochelle 
t  and  the  ordinates  the  specific  rotation  of  the  mixture,  or 
tter,  the  deviation  of  this  from  a  simple  water  solution  of  the 
•trate. 

I  have  drawn  the  curves  given  in  fig.  1  on  this  plan.     It 

II  be  observed  that  some  of  them  are  practically  straight  lines 
lich  can  be  represented  by  a  simple  equation  of  the  form 

[a]  =  (a).  +  Ag, 

which  g  is  the  amount  of  inactive  substance  in  solution,  and 
),  the  calculated  rotation  when  6^  =  0.  It  might  appear  that 
is  value  should  be  the  same  as  tnat  observed  for  the  pure  tar- 
ite  solution,  but  I  think  that  does  not  necessarily  follow. 
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In  the  other  cases  the  observations  lead  to  a  curve  as  ex- 
pressed by 

in  which  the  letters  have  the  same  meaning  as  before. 

From  the  first  three  solutions  containing  potassium  nitrate  I 
have  calculated  according  to  this 

[a]  =  22-^20  +  O-OlSjr  +  O-OOOSj^. 

I  have  not  thought  it  necessary  to  find  an  interpolation  formuU 
for  all  the  solutions.  It  is  evident  from  an  inspection  of  the 
curves  that  they  intersect  the  base  line  at  j'  =  0  only  in  a  few 
instances,  and  the  deviations  are  usually  greater  than  conid  be 
referred  to  errors  of  observation. 


1. 


Si^r:'^ 


As  mentioned  above,  the  addition  of  a  potassium  salt  in- 
creases the  rotation  while  sodium  salts  diminish  it.  The  num- 
bers as  given  seem  to  show  no  relation  beyond  this.  However, 
if  instead  of  giving  the  rotation  for  solutions  containing  equal 
weiglits  of  active  and  inactive  substance,  they  be  calculated  for 
equal  numbers  of  molecules  in  solution  the  results  obtained 
show  certain  regularities  which  must  be  more  than  accidental. 
These  desired  values  can  be  obtained  readily  and  accurately  by 
graphic  interpolation  and  in  the  following  table  they  were  bo 
derived. 
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,  When  for  1  molecule  of  tartrate  1,  2  or  3  moleculea  of  inactive 

aubstance  are  present. 

Formula  of  salt.        1  mol.  2  mol.  3  moL 

NaCl 21-86  21-41  2099 

NaBr 2179  2142 

NaNOa 21-68  21.41  2116 

Na,S04 21-32  2049 

NatHPO*  .  12H,0...  21*40 

Na,S,0,.5H,0 2107  ^^=2lTl) 

XaHaPO,  .H,0 21-67  20-92  ^*'=2*i™l)' 

NaOaH.Oa.  SHsO  .-_     2172  2116 

KCl 22-73  22-88  2314 

KBr 22-78  23  00 

KI 22-63  23-09 

KNO, 22-60  2307 

KSCy 22-62  2266  2282 

KCaHaOa 2260  2287  2326 

KaS04 22-79 

NH4CI 2264  2-2-67  2281 

NH^Br 22-64  2270 

We  see  from  the  above  that  the  specific  rotation  in  presence 
two  molecules  of  NaCl,  NaBr,  NaNO,,  or  one  molecule  of 
,HPO^ .  1 2H,0,  or  one  and  one-half  molecules  of  NaH,PO^ 
f)  is  very  nearly  the  same,  2l'°41. 
[n  presence  of  one  molecule  of  Na,SO^  it  is  a  little  less,  while 

NaCjHjO,  and  Na,S,0,  no  simple  relation  is  apparent. 
rwo  molecules  of  KBr,  KCl,  KI,  KNO,  and  KO.H.O.  exert 
irly  the  same  influence,  one  molecule  of  K,SO^  gives  a 
Siller  value,  while  KSCy  is  irregular, 
iloughly,  it  appears  that  the  potassium  salt  molecules  increase 

rotation  in  about  the  same  proportion  that  the  sodium  salts 
linish  it  The  explanation  of  this  may  not  be  immediately 
>arent. 

leases  similar  to  those  observed  in  the  experiments  of  Gernez, 
erred  to  above,  have  been  explained  by  the  hjrpothesis  of 
>t  according  to  which  loose  combinations  are  formed  between 
»  active  and  inactive  substance  having  a  rotation  different 
m  that  of  the  former.  Gernez  has  given  the  composition  of 
ae  of  these  molecular  combinations.  The  case  in  hand,  how- 
^r,  is  somewhat  diflEerent.  If  we  could  assume  here  an  action 
mass  by  which  on  addition  of  potassium  salts  the  solution 
»tild  be  made  to  contain  neutral  potassium  tartrate,  and  on 
dition  of  sodium  salts  neutral  sodium  tartrate,  then  the  dis- 
rbance  could  be  partially  explained.  According  to  Landolt 
^er.j  vi,  1073),  the  specific  rotation  of  neutral  potassium  tar- 
ite,  calculated  as  anhydrous,  is  28*48,  while  that  of  the  neutral 
dium  salt  is  30'85.     However,  if  instead  of  taking  equal 
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weights  as  our  basis  we  take  equal  numbers  of  molecules,  we 
obtain  the  following  values  representing  the  moUcuLar  raUUion 
of  the  three  salts, 

KX\H,0,  =  64-42 
KNaC  H  O,  =  62-34 
Na,C,H^O,    =69-85 

from  which  it  is  apparent  that  the  conversion  of  20**  of 
Sochelle  salt  into  the  neutral  potassium  tartrate  would  give  i 
solution  with  increased  rotation,  while  conversion  into  sodium 
tartrate  would  give  a  solution  with  diminished  rotation.  On 
this  assumption  the  change  can  be  accounted  for  in  part,  but 
only  in  part.  Taking  the  rotation  for  the  mixture  of  20*"  of 
KIN  aC,H,0, .  4H,0  with  20«°»  of  KCl,  given  in  the  table  above, 
we  have  a  =  9° -872.  Now,  considering  this  as  produced  by 
16-03«"  of  K,C,H,0  — the  equivalent  of  20«"  of  KSMflfi.. 
4H,0 — we  obtain  a  specific  rotation, 

[a]  =  29^-23, 

which  is  too  much,  Landolt's  value  being  28-48. 

In  the  same  way  taking  the  rotation  a  =  7®*900  found  for 
the  solution  containing  20k«°  of  KNaC,H,0, .  4H,0  and  20«"  of 
NaCl  and  supposing  this  rotation  produced  by  13*76^  of 
NajC^H^O,  we  find  the  specific  rotation, 

[a]  =  28-70, 

which  is  too  low,  or,  in  other  words,  too  great  a  reduction^ 
Landolt's  value  being  30-85. 

It  will  be  seen,  however,  that  the  rotations  found  for  the 
mixtuivs  of  the  tartrate  with  the  equivalent  of  two  molecules 
of  the  simpler  inactive  salts  give  numbers  which  agree  with 
Landolt's  values.  This  is  probably  more  than  a  mere  coinci- 
dence.    1  am  at  present  making  a  somewhat  closer  study  of  it 

The  above  mentioned  hvpothesis,  while  not  adequate  to  ex- 
plain fully  the  difference  m  behavior  between  the  inactive  salts 
added  to  the  tartrate,  is  still  worthy  of  consideration,  I  think. 
In  the  further  progress  of  the  work  I  shall  test  it  fully.    The 

(phenomenon  is  evidently  a  complex  one  and  a  study  of  the  be- 
lavior  of  other  double  tartrates  must  be  made  before  it  can  be 
tho Roughly  understood. 

Prt^liminarv  experiments  indicate  that  the  double  tartrates 
containing  thallium  or  antimony  will  well  repay  investigation. 
The  necessary  material  for  such  a  study  is  now  in  conrse  of 

E reparation  by  an  assistant  in  my  laboratory,  and  with  this  I 
ope  to  be  able  to  throw  more  liglit  on  the  subject 

Chicago.  July  ISlh.  1888. 
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While  it  is  quite  a  familiar  fact  that  the  luminosity  of  any 
jpeetral  ray  increases  proportionately  to  the  heat  in  this  ray, 
md  indeed  is  but  another  manifestation  of  the  same  energy,  I 
hiave  recently  had  occasion  to  notice  that  there  is,  on  the  part  of 
jome  physicists,  a  failure  to  recognize  how  totally  diflEerent  op- 
ical  eflEects  may  be  produced  by  one  and  the  same  amount  of 
mergy  according  to  the  wave-length  in  which  this  energy  is 
exhibited. 

I  should  not  perhaps  have  thought  it  advisable  to  make  this 
last  remark,  were  it  not  that  there  has  appeared  in  a  recent 
Dumber  of  Wiedemann's  Annalen,  a  paper  by  H.  F.  Weber  on 
''  The  Emission  of  Light,*'  in  which  he  tacitly  makes  the  assump- 
tion that  the  luminosity  of  a  color  is  proportionate  to  the  ener- 
which  produces  it,  an  assumption  which  it  is  surprising  to 

id  in  a  paper  of  such  general  merit  and  interest. 

In  another  article  oi  the  same  number  of  the  journal,  the 
mistake  was  pointed  out  by  Professor  F.  Stenger,  who  remarked 
that  Mr.  Weber's  assumption  was  inconsistent  with  the  investi- 

Ltions  of  the  present  writer.  Still  the  fact  that  there  could 
such  a  misapprehension  at  the  present  day,  led  me  to  look 
at  the  matter  again,  and  to  observe,  with  some  surprise,  that 
there  was  nowhere,  in  any  physical  work  known  to  me,  any  ex- 
act or  even  approximately  exact  statement  of  the  relative  ocular 
effects  of  a  given  amount  of  energy  in  different  parts  of  the 
spectrum.  I  have  undertaken  therefore  during  the  last  few 
months  an  experimental  re  investigation  of  this  subject,  with 
such  a  statement  especially  in  view. 

We  shall  evidently  need  two  correlated  sets  of  experiments, 
the  first  set  to  determine  the  amount  of  energy  in  each  ray,  the 
second  to  show  the  corresponding  visual  effect. 

For  the  first  of  these,  since  energy  only  shows  itself  through 
absorptive  media  which  more  or  less  disguise  it,  we  must  select 
that  manifestation  which  disguises  it  least,  and  in  this  respect 
l)eyond  comparison  the  thermal  one  stands  first,  as  the  heat  dis- 
persed by  a  glass  prism  and  shown  by  a  thickly  lampblacked  ther- 
mometric  apparatus  is,  throughout  the  visible  spectrum,  very 
aearly  proportionate  to  the  energy  itself.  For  these  first  or 
thermal  experiments,  whence  the  energy  is  readily  deduced, 
with  close  approximation,  we  shall  rely  principally  upon  a  very 
elaborate  investigation  made  here  some  time  since  and  already 
published,  where  the  bolometer  is  used  to  deduce  in  terms  of 
lampblack  absorption  the  relative  amounts  of  solar  energy  in 

*Reftd  bj  abstract  before  National  Academy  of  Sciences,  April  19,  18R8. 
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various  wave-lengths  throughout  the  visible  spectrnm  and  a  |  ^ 
little  beyond ;    and  which  has  been  supplemented  by  a  net 
investigation  of  the  same  kind  in  the  present  connectioiL 

Our  second  set  of  experiments  will  consist  of  a  recent  pazit 
lel  series  of  photometric  solar  measures  taken  at  the  samewate^ 
lengths  as  the  thermal  ones,  and  which  we  may  say  gives  dn 
energy  in  terms  of  what  I  may  perhaps  be  allowed  to  call,  pro- 
visionally, "retinal"  absorption. 

The  thickly  lamp-blacked  surface,  then,  and  the  retinal  flciesi 
provided  by  nature  in  the  eye,  both  exercise  selective  ahfior|K 
tion,  but  the  first  whose  absolute  absorption  is  here  nearly  total 
does  so  in  relatively  so  small  a  degree,  that  we  may,  in  the  via- 
ble spectrum,  provisionally  neglect  it,  and  consider  the  bolo- 
metric  eflEect  as  here  proportional  to  the  energy  itself. 

It  is  evident  that  these  two  series  once  made,  and  reduced ii 
both  cases  to  the  normal  spectrum,  would  give  us  for  any  indi- 
vidual human  eye  the  means  of  statiiig  the  visual  effect  in 
terms  of  absolute  energy.  The  visual  enect  is  known  to  vary 
in  a  very  minute  degree  with  the  absolute  amount  of  tim 
energy,  at  least  if  we  admit  the  physiological  influence  of  what 
has  been  called  ''  the  color  of  brightness,"  but  for  the  compara- 
tively feeble  lights  employed,  this  physiological  effect  seems  to 
be  almost  negligible,  and  it  is  nearly  immaterial  within  the 
limits  of  the  experiment  what  unit  of  energy  we  take. 

The  object  of  these  experiments,  then,  is  to  take  some  one 
constant  amount  of  energy,  to  actually  or  virtually  display  it 
successively  in  different  portions  of  the  spectrum,  and  to  ob- 
serve in  what  proportion  the  optical  or  visual  effects  of  this 
fixed  amount  of  energy  vary,  according  to  the  wave-length  in 
which  it  is  conveyed.  While  the  measurements  which  insure 
this  constancy  are  best  made  by  thermal  methods,  and  while 
the  prism  is  on  the  whole  far  more  convenient  for  theuf  than 
the  grating,  it  is  nevertheless  desirable  to  reduce  the  wWe 
measurements  to  what  they  would  have  been,  if  taken  directly 
in  the  normal  spectrum.  The  writer's  measurements,  already 
published  and  liere  cited  later,  afford  the  means  of  doing  this 
with  ])recision.  These  sliow  that  the  energy  is  far  from  being 
distributed  equally  even  in  the  normal  spectrum ;  and  that, 
accordingly  as  it  varies  from  one  part  of  the  spectrum  to  an- 
other, we  must,  by  opening  the  aperture  through  which  it  is 
admitted  where  it  is  weak,  and  by  narrowing  it  where  the  ener- 
gy is  strong,  or  by  other  like  device,  maintain  it  absolutely  con- 
stant, or  else  (what  is  far  better)  let  it  enter  through  one  fixed 
aperture,  and  use  the  subjoined  table  to  apply  a  correction  for 
the  actual  irregularities.  Let  it  be  remembered  that  we  are 
now  speaking  of  absolute  energy,  not  of  those  physiological 
effects  of  it  on  the  organ  of  vision  which  we  call  light,  and  it  is 
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to  the  value  of  this  absolute  energy  for  different  wave-lengths 
in  the  normal  spectrum  which  the  subjoined  table  refers.  This 
table,  which  gives  the  energy  as  derived  from  thermal  experi- 
ments, rests  on  many  thousand  observations,  taken,  however,  all 
with  what  is  called  a  high  sun,  i.  ^.,  with  a  sun  more  than  30° 
above  the  horizon.  As  the  distribution  of  this  energy  varies 
somewhat  from  day  to  day,  and  particularly  in  the  violet  and 
beyond,  we  have  supplemented  it  by  a  series  of  direct  observa- 
tions taken  with  the  bolometer  on  April  6, 1888,  using  the  same 
glass  prism  employed  in  the  photometric  work  described  later. 
As  those  observations  show  a  fair  accordance  with  the  others, 
it  is  not  necessary  to  repeat  them. 


Table  I.     Normal 

Spectrum. 

A=(/*36 

o'*-38 

o'*-40 

o'*-45 

0^-60 

0^-65 

0^-60 

0^-65 

0^-70 

0^-76 
20-7 

o"-768 

«t=   1-8 

3-7 

6-3 

11-9 

n-3 

20-7 

219 

22-2 

21-4 

20-2 

What  has  just  been  given  in  table  I  refers  to  the  distribution 
of  energy  in  terms  oi  lamp-black  absorption,  i.  e,,  as  ^''  heatP 
"We  now  proceed  to  attempt  to  find  it  m  terms  of  retinal  ab- 
sorption, i.  ^.,  as  ^HightP  It  is  well  known  that  color  pho- 
tometry offers  peculiar  difficulties.  My  own  experience,  after 
a  long  employment  of  the  Rnmford  photometer  for  comparing 
the  relative  intensity  of  different  colored  lights,  is  most  un- 
favorable to  it,  and  I  have  also  tried  the  Bunsen  photometer 
with  almost  equally  unsatisfactory  results.  I  have  also  experi- 
mented with  the  ingenious  photometer  described  by  Masson 
(Ann.  de  Ch.  et  de  Ph.,  ser.  Ill,  xiv,  p.  129),  in  which  a  disk 
of  paper,  marked  with  black  and  white  sectors,  is  revolved  with 
such  rapidity  that  it  assumes  a  uniform  tint  when  viewed  by  the 
colored  light  in  question,  but  when  illuminated  by  the  electric 
flash  displays  the  sectors  again.  It  is  evident  that  the  reappear- 
ance of  the  sectors  under  the  flash  will  be  conditioned  by  the 
Qature  of  the  light  which  furnishes  the  steady  illumination. 
But  though  on  trial  this  has  seemed  to  yield  better  results  than 
the  ordinary  photometers,  the  method  is  of  difficult  application 
in  connection  with  the  particular  apparatus  about  to  be  de- 
scribed. I  have  therefore,  after  considerable  experiment,  de- 
cided in  favor  of  what  may  seem,  at  first,  to  be  a  cruder 
method,  but  which  is,  I  believe,  for  the  present  purpose,  pref- 
erable to  any  of  the  foregoing ;  I  mean  the  determination  of 
the  intensity  of  light  necessary  to  read  a  table  of  logarithms 
or  to  discern  any  arbitrary  characters. 
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Description  of  the  ApparcUus, 

The  measures  have  all  been  made  in  a  dark  room  from  which 
every  source  of  outside  light  is  excluded  except  that  which 
enters  the  slit  of  the  spectroscope. 

The  light  from  the  siderostat  mirror,  M  (fig.  1)  passes  throD^ 
a  small  aperture  in  the  north  wall  and  fails  on  the  slit  («,), 
(which  has  doubly  moving  jaws,  34°^  high,  set  in  these  experi 
ments  at  a  standard  distance  of  0'1°^),  then  on  the  great  colli- 
mating  lens  (1)  of  755*^  focus  (aperture  11  "9^),  t^  being  a  paper 
tube  to  prevent  the  lateral  diffusion  of  light  from  dust  paki- 
eles.  jp  is  a  glass  prism,*  m,  the  concave  mirror  of  148*™  locufi, 
which  here  forms  upon  a  second  slit  («,)  a  spectrum  about  7"" 
high  and  90°^  long  in  the  easily  visible  part  from  A  to  H. 
The  prism  and  mirror  are  mounted  on  the  spectro-bolometer 
already  elsewhere  de8cribed,t  and  which  is  provided  with  a 
circle  reading  to  10"  of  arc.  By  setting  this  circle,  any  color 
can  be  brought  on  the  slit  («,).  The  light  which  the  mirror 
has  converged  into  that  part  of  the  spectrum  overlying  this 
slit  passes  through  it,  diverges  and  falls  upon  a  black  paper, 
figure  2,  in  which  is  a  central  aperture  1*^"  square,  occupied  bj 
part  of  a  table  of  logarithms,  printed  in  small  black  type  on 
white  paper.  This  table  can  be  adjusted  to  bring  different 
figures  in  view,  but  is  otherwise  fixed  relatively  to  the  black 
paper  screen  which  (with  this  central  centimeter  occupied  by 
figures)  is  mounted  on  a  slider.  The  rod  (/•)  on  which  the 
slider  moves  is  a  prolongation  of  the  spectroscope  arm,  made 
of  a  liglit  wooden  rod  graduated  so  that  one  can  read  the  posi- 
tion of  the  slider  to  a  centimeter  hy  feeling  of  notches  in  the 
dark.  Tlie  zero  of  this  rod  is  at  slit  2  on  which  the  spectrum 
is  thrown. 

It  is  to  be  observed  that  it  is  necessary  that  the  square  of 
figures  should  be  small  in  order  that  it  may  be  slid  nearly  to 
the  apex  of  the  cone  of  light  and  remain  covered  thereby. 

It  is  to  be  noted  also  that  at  a  constant  distance  and  in  a 
feeble  light,  these  small  figures  may  be  invisible  to  the  naked 
eye  and  most  distinctly  visible  to  the  same  eye  with  a  magnify- 
ittg  glass.  For  two  eyes  of  different  foci,  the  amount  oi 
light  with  which  the  same  figures  will  be  read  will  probably 
vary.  It  follows  that  even  if  the  same  person  read  from 
beginning  to  end  of  the  series,  his  readings  will  not  be  com- 

*  Its  principal  constants  are:  heiglit  of  face  I  I'S*^™,  width,  10*5'='",  while  for  a  tem- 
perature of  28 '  C.  the  refracting  angle  is  60"  OG'  45",  deviation 

H  =  46°  45' 35" 
6,  =  44   45   55 
D,=  44    11    15 
A  =  43    24    05 
«a  ("little  Omega")  =  41  3-1. 

f  '*  Researches  on  Solar  Heat,"  Prof.  Papers  of  the  Sig.  Serr.,  No.  15,  p.  130, 
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parable  anlesB  they  are  all  taken  under  the  eame  optical  con- 
ditioDB,  a  g.  all  with  the  naked  eye  or  all  with  glasses  of  i 
certain  Btrength. 

In  theee  measaremeDts  a  magQifring  elase  of  4*7™  focoi 
was  used  by  all  tho.  observers,  and  in  addition,  two  who  vert 
near-sighted  wore  spectacles  correcting  this  defect. 


The  observer,  in  a  room  completely  darkened,  except  for  the 
minute  light  diffused  from  the  particles  in  the  reflected  beam, 
and  himself  shielded  even  from  the  feeble  light  diffused  from 
the  surfaces  of  the  lens,  the  prisin,  and  the  mirror,  by  the 
thick  bluck  curtain  shown  ou  the  plan,  waited  until  his  eve 
had  betiome  quite  sensitive  before  making  the  readings.  An 
assistant  outside  the  curtain  set  the  circle  by  the  aid  of  a  dark 
lantern,  and  adjusted  the  siderostat  from  time  to  time  so  as  to 
keep  the  light  exactly  on  the  center  of  the  lens  and  prism 
face.  The  passage  of  the  slightest  wisp  of  cirrus  cloud  ws» 
noted  and  the  observer  warned. 

Although  the  light  diverges  from  slit  2  and  not  from  » 
point,  the  "  cone  ot  rays,"  above  referred  to,  is,  as  regards  tlie 
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)ct  and  limits  of  our  experiments  and  the  limiting  positions 
;he  screen,  so  nearly  coincident  with  a  geometrical  cone, 
;,  as  the  slider  is  carried  away  from  the  slit,  the  light  may 
treated  as  diminishing  proportionally  to  the  inverse  sqaare 
:he  distance  from  the  slit  to  the  screen.  JThe  nearest  posi- 
of  the  screen  brings  it  within  20^  of  the  slit,  the  farthest 
7er  300,  so  that  we  nave  the  power  of  diminishing  the  light 

C300\' 
—  1    or  over  225  times.     This  however  is  by  no  means 

afficient  range  for  the  comparison  of  the  light  in  the 
ow  green  with  that  in  the  extreme  red ;  and  because  the 
Inated  rod  was  not  long  enough  to  thus  give  the  desired 
je,  a  photometer  wheel  was  introduced  in  some  of  the 
Aures  between  the  siderostat  mirror  and  the  remote  slit  («J. 
3  photometer  wheel  is  capable  of  reducing  the  light  from 
to  '05  or  further,  and  is  more  fully  described  in  Memoirs 
ional  Academy  of  Sciences,  vol.  iii.  Memoir  on  the.Temper- 
e  of  the  Moon.     We  have,  then,  without  altering  the  slit, 

•225 
nge  of  adjustment  through  over  — -   or  over  4500  times. 

slit  «,  where  the  light  first  enters  has  doubly  moving  jaws, 
:rolled  by  a  micrometer  screw.      Its  standard  opening  in 

e  experiments  for  light  comprised  between  >l=0^*40  (violet) 

^=0^-65  (red)  was  0'1™°*,  but  it  has  been  opened  for  sup- 
nentary  experiments  to  5"™,  so  that  we  have  Dy  opening  or 
ing  it  a  range  of  light  from  60  to  1.  It  was,  however,  con- 
tly  kept  at  the  standard  opening  of  0*1"™  until  the  main 
3S  of  experiments  was  completed,  so  as  not  to  vary  the  light 
.ttemptmg  to  reset  it  by  tne  screw.     Admitting,  however, 

for  any  given  prism,  transmitting  any  given  ray,  the  light 
3nsibly  proportional  to  the  width  of  the  slit  (which  may 
1  from  50  to  1),  to  the  disposition  of  that  coming  through 
photometer  wheel,  which  may  vary  from  20  to  1,  and  to 

inverse  square  of  the  distance  oi  the  slider  from  slit «, 
;  to  1),  we  have  a  possible  range  of  50x20x225=225,000 
.  This,  however,  it  will  be  understood,  has  only  been  em- 
'ed  in  our  supplementary  measures. 

1  the  following  table  all  observations,  whether  made  with 
without  the  photometer  wheel,  or  with  a  wide  slit,  as  in  the 

of  the  supplementary  observations  in  the  most  feebly 
inous  portions  at  the  extremities  in  the  spectrum,  have 
I  reduced  to  these  standard  conditions : 

hotometer  wheel  absent ; 

wide; 
wide; 
ider  with  logarithm  table  at  1  meter  from  slit «,. 


it  («,)  0-1 
it  (O  l*" 


mm 
mm 


866 


S.  P.  Langley — Energy  and  Vision. 


Each  reading  of  the  logarithms  in  the  slider  is  taken  when 
certain  figures  become  discernible  in  the  li^ht  in  Question,  and 
is  the  mean  of  three  independent  observations,  ta^en  consecn- 
tively.  In  order  to  find  the  wave-length  by  means  of  the 
prism  we  must  4)repare  a  table  or  a  graphic  construction,  de- 
duced from  an  examination  of  the  special  prism  employed, 
showing  the  wave-length  corresponding  to  the  position  of  mini* 


mum  deviation  of  each  ray.  Figure  8  is  such  a  graphic  cot- 
strnction  derived  from  our  own  observations  of  the  constants 
of  the  prism  employed,  and  Table  11  gives  the  approximate 
values  of  the  tangents  to  the  curve  by  means  of  which  we  patf 
from  the  prismatic  to  the  normal  scale. 
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Table  II. 

• 

ricfe  ieiriations  and  reducing  factors  (tangents)  corresponds 
wave-lengths  for  great  Hilger  prism. 

Waye-lengths. 

Adopted 
Tau gents  to  curve. 

Deviations. 

•35 

2^28 

48^00' 

•38 

1-94 

47  10 

•40 

1^73 

46  42 

•45 

1^27 

45  42 

•60 

•88 

44  58 

•55 

•62 

44  28 

•60 

•46 

44  07 

•65 

•36 

43  50 

•70 

•30 

43  38 

•75 

•27 

43  26 

•768 

•26 

43  22 

Table  HI. 

Co-efficients  of  reflections  from  two  surfaces  of  silver. 

Wave-lengths  ^35  ^38  -40  ^45  -50  -55  '60  -65  ^70  -75 
Percentage  reflected  from  two 

surfaces...  '37  ^54  -63  73  -79  •82-845  -86  -875  •885 
Redaction  factor 

(reciprocal)  2^70  1^85  1^59  1'37  1^27  1*22  1^18  1-16  M4  1-13 

Table  III  is  a  table  for  the  selective  absorption  of  silver 
referred  to  such  a  lamina  as  is  spread  by  the  Martin  process  on 
the  front  surface  of  the  glass  in  its  ordinary  application.  It  ig 
prepared  from  unpublisned  observations  made  by  the  writer 
witn  the  bolometer  in  the  course  of  the  year  1881,  and  for 
the  method  of  its  preparation  the  reader  is  referred  to  the  foot 
note.*  It  will  be  seen  from  this  table  that  while  such  a  silver 
film  exercises  a  considerable  selective  absorption  in  the  ultra 
violet  and  even  at  the  blue  end,  it  exercises  less  as  the  wave- 
len^h  increases,  and  in  fact  an  extension  of  it  would  show  a 
still  enhanced  power  of  reflection  for  infra  red  rays.  It  is  with 
these  infra-red  rays  that  our  measures  in  previous  researches  on 
radiant  heat  at  this  observatory  have  been  hitherto  mainly 
made.  Accordingly  our  measures  of  the  selective  reflection  in 
the  ultra  violet,  to  which  we  have  given  comparatively  little 
study,  have  not  been  repeated  with  alt  the  care  which  the  subject 
deserves,  and  we  recommend  a  more  complete  determination 

*  The  selective  absorption  of  silver  has  been  deduced  by  bolometric  measure- 
ments in  the  solar  spectrum,  with  a  Rutherfurd  grating,  by  producing  multiplied 
saooessive  reflections  of  the  light  from  silver  before  allowing  it  to  enter  the  silt 
of  the  spectroscope  and  determinine:  successively  the  variation  in  the  intensity 
of  different  rayB  according  to  the  number  of  reflections.  The  observations  are 
reduced  by  a  logarithmic  formula. 
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of  the  selective  absorption  of  silver  there  as  an  interesting  field 
still  open  for  experiment  to  those  engaged  in  the  study  <3  that 
end  oi  the  spectrum. 

By  means  of  this  graphic  construction,  which  is  amply  a& 
curate  for  the  immediate  purpose,  and  by  the  use  of  the  for- 
mula already  described  (Memoirs  of  the  National  Academy, 
vol.  ii,  p.  161),  we  can  also  pass  from  the  actually  observed 
prismatic  spectrum  to  the  enect  which  would  have  been  ob- 
served in  a  truly  normal  one ;  and  it  is  by  the  use  of  these 
constructions,  founded  on  these  formulae,  that  the  final  redac- 
tions here  given  have  been  obtained.  It  is  here  assumed  that 
no  sensible  selective  absorption  is  exerted  by  the  prism  or  any 
other  portion  of  the  apparatus. 

We  now  give  a  summary  of  the  photometric  observations. 
The  state  of  sky  for  each  series  and  the  approximate  air  masses 
were : — 

March  30th.— Sky  "  fair  blue;"  observer,  S.  P.  L. ;  time,  11**  40* 
▲.  M.  to  12^  45°*  p.  M.  (Greenwich  5th  hour  meridian  time);  air 
mass,*  1*22  atmospheres. 

April  2d. — Sky  "  milky  blue  with  cumuli ;"  observer,  F.  W.  V.; 
time  12**  to  2**  p.  m.;  air  mass,  1-19  atmospheres. 

April  3d. — Sky  "  blue  with  cumuli,"  better  than  on  2d,  sky 
better  in  E.  M.'s  series  than  in  that  of  F.  W.  V.,  when  a  slight 
haze,  barely  perceptible,  had  formed. 

Ist  series;  observer,  E.  M. ;  time,  ll**  10™  a.  m.  to  12^  30"  p.  m.; 
air  mass,  ri8  atmospheres. 

2d  series;  observer,  F.  W.  V. ;  time,  I*'  15"  to  2**  30"  P.  m.  ;  air 
mass,  1*28  atmospheres. 

April  4th.— "A  trood  blue  at  first,  after  12^  milky  blue  from 
slight  smoke,  but  still  a  fairly  jjood  sky." 

1st  series;  observer,  F.  W.  V.;  time,  10*^  25""  to  ll*'  55"  a,  m. ; 
air  mass,  1*23  atmosplieres. 

2d  series;  observer,  E.  M.  ;  time,  12*  SO'"  to  I*'  30"  p.  m.  ;  air 
mass,  1*20  atmospheres. 

April  6th. — Sky  *' good  blue,  quite  clear;"  observer,  F.  W.  V. ; 
time,  10''  45'"  a.  m.  to  12*^  15'"  p.  m.  ;  air  mass,  11 8  atmospheres. 

June  lOlh. — Sky  **  clear,  good  blue  ;  alter  I  p.  m.  cirrus  streaks. 
Observer,  B.  E.  L. ;  time,  1 1''  15"?  a.  m.  to  1*^  45"  p.  m.  ;  air  mass, 
1'05  atmospheres. 

July  2d. — Sky  "  clear,  excellent ;"  observer,  B.  E.  L. 

1st  series;  time,  1 1'^  25'"  a.  m.  to  12^  15'"  p.  m.;  air  mass,  1.08 
atmospheres. 

2d  series;  time,  12''  15"  p.  m.  to  I''  25"  p.  m.;  air  mass,  1-02 
atmospheres. 

*  By  air  mass  is  here  meant  that  actually  traversed  by  the  solar  rays,  that  with 
a  Tertioal  sun  at  sea  level  being  unity. 
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We  first  give,  in  table  IV,  the  values  of  the  photometric  mea- 
flures  in  the  prismatic  spectrum,  reduced  to  the  standard  con- 
ditions above  cited. 

Table  TV. 

Showing  sensitiveneaa  of  the  eye  to  light,  as  deduced  from  tfie  power  to  decipher  fine  print 

Prismatic  (uncorrected)  values. 


^=o'*-35 

0^-38 

0^-40 

0^-45 

o'^-so 

o'*-65 

o''-60 

0^-65 

o'*-70 

0^-76 

o''-768 

••30 

029 

301 

19-31 

19-16 

3-88 

0-28 

^.V. 

-il2 

013 

9-89 

57-94 

113-3 

1514 

1-06 

0-27 

!-il3 

0-30 

9-88 

164-2 

167-9 

2691 

1-99 

0-43 

ra4 

0-20 

10-88 

154-6 

193-8 

24-62 

2-23 

0-33 

rttt>    00015* 

0-017* 

017» 

2-32 

0-005* 

0-00 1 2» 

mn       0-0015 

0017 

0-20 

10-26 

122-25 

15333 

22-22 

1-90 

0-34 

0006 

0-0012 

i&L. 

1 
i 

M  16 

0-24 

30-60 

157-2 

217-0 

36-98 

3-39 

0-17 

o-ooi* 

y  2       OOOO* 

0.003* 

0-23 

10-89 

1257 

1423 

33-96 

4-64 

0-73 

0004» 

y2 

0-34 

35-38 

186-1- 

15«-7 

7016 

6-98 

0-75 

«n        0*000 

0000 

0-27 

25-62 

166  3 

172-7 

47-03 

4-64 

0-56 

0-002 

M, 

iVflS 

0-35 

3060 

100-1 

146-1 

49-82 

6-86 

1-46 

ira4 

019 

8-34 

4639 

75-27 

42-05 

3-04 

141X1 

0-27 

19-47 

73-25 

110-69 

45-94 

545 

1-46 

*  Blue  (cobalt)  glass  over  slit  «i . 


In  table  V  are  the  final  values,  corrected  for  loss  of  light  by 
reflection  from  silver  surfaces  and  reduced  to  the  normal  spec- 
trum. 

Table  V. 
Photometric  values.    Normal  Spectrum, 


X=0^-36          o'*-38 

0^-40 

0^-46 

0^-60 

0^-55 

0^-60 

o''66 

0^-70 

0^-76 

o'*'768 

PL. 

• 

ir.  30 

060 

336 

1461 

10  40 

1-62 

0  096 

W.V. 

pril2 

0-36 

17-21 

64.76 

85-69 

8-22 

0-44 

0092 

prll3 

081 

17-18 

1724 

127-0 

1461- 

083 

0  16 

|ril4 

0-66 

19-11 

172-8 

146-7 

1337 

0-93 

Oil 

pril6  0-0092* 

0-062* 

047* 

097 

00016* 

0-0003* 

tmn      0-0092 

0-062 

0-55 

17-83 

136-65  |1 19-8 

1207 

079 

0-117 

0  0011 

00003 

.K.L. 

L 

111616 

065 

6323 

175-7 

164-2 

20-07 

1-42 

0068 

-0003* 

aly  2      0-000* 

0011* 

0-63 

18-95 

140-5 

107-6 

18-44 

1-90 

025 

-0012* 

al7  2 

• 

094 

61-56 

208-0 

120-0 

3809 

2-60 

0-26 

jfMi        0-000 

0011 

0-74 

44-58 

1747 

130-6 
119  5 

2553 

1-97 

0-189 

•0008 

9ril3 

0-95 

63-23 

111-9 

2705 

244 

0-60 

Trili 

0-52 

14-51 

51-84 

56  94 

22-82 

1-27 

•in 

074 

33-87 

81-87 

83-72 

24-94 

1-86 

0-60 

*Blue  (cobalt)  glass  over  slit  («i). 
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In  this  table  we  have  first,  the  wave-lenffths  corresponding 
to  the  observed  angles  of  deviation,  these  values  reaching  from 

0^35  in  the  ultra-violet  to  0^*77  near  Fraunhofer's  A  on  the 
extreme  border  of  the  visible  red.  It  is  to  be  observed,  how- 
ever, that  the  great  mass  of  the  observations  which  were  taken 

without  disturbing  the  slit  reach  from  o''-40  in  the  deep  violet 

to  0^-70  in  the  deep  red.     The  figures  corresponding  to  O'^-SS, 

O'^'SS,  0^-75,  0^-77  are  extremely  diflicult  to  obtain  with  pre- 
cision and  are  given  here  as  supplementary-  to  the  others. 
There  are  four  observers  : — 

S.  P.  L.,  whose  eye  is  somewhat  long-sighted  (making  oonven- 
ient  the  use  of  convex  glasses  of  ^  meter  focus)  and  not  Bensitive 
to  very  feeble  light;  eyes  otherwise  believed  to  be  in  normal 
condition. 

F.  W.  v.,  near-sighted,  using  glasses  whose  negative  focus  is 
14cm  rjy^Q  QjQ  appears  to  be  much  less  sensitive  to  the  red  than 
to  the  violet.  The  retina  of  this  eye  is  somewhat  deficient  in 
black  pigment.  ^ 

B.  £.  L.,  near-sighted,  using  glasses  whose  negative  focos  it 

£.  M.,  a  boy  of  fifteen  whose  sight  is  perfect  as  far  as  known. 

It  will  be  remembered  that  throughout  this  table  from  0^*40 

to  0^70  the  light  enters  through  a  slit  whose  aperture  is  con- 
stant. If  under  these  conditions  the  logarithm  table  can  be  just 
read  when  the  slider  is  one  meter  from  the  second  slit  (^,),  the 
light  would  be  represented  by  unity;  if  at  two  meters,  by 4; 
if  at  three  meters,  by  9 ;  and  so  on.  As,  however,  we  have 
already  explained,  the  length  of  the  red  being  limited  to  but 
little  over  three  meters,  tor  the  higher  values  we  are  obliged 
to  introduce  the  photometer  wheel.  For  instance,  the  stroug- 
est  light  observed  by  F.  W.  V^.  was  in  the  prismatic  yellow- 
green  corresponding  to  a  wave-length  of  0^*55  where  198'8  was 
noted.  Had  the  rod  been  really  indefinitely  prolongable,  the 
slider  would  have  needed  to  have  been  removed  to  the  length 
of  nearly  l-i  meters.  To  avoid  this  the  photometer  wheel  was 
interposed,  reducing  the  light  to  -^j^  and  the  actual  distance  of 

the  slider  from  the  slit  (.%)  was,  as  we  may  easily  see,\/~    " 

or  3*11  meters.     The  feeblest  light  which  has  been  here  meas 
ured  with  the  standard  slit  is  that  by  F.  W.  V.  on  April  2d  at 

wave-length  0^  40  which  is  put  down  at  0*13  corresponding  to 
a  distance  of  36*^™  from  slit  {s^). 
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To  make  clear  the  way  in  which  we  pass  from  table  IV  to  table 
Y,  let  us  take  any  particular  observation,  for  instance  that 

alreadjr  cited  of  April  4th  bjr  F.  W.  V:  at  0^-55,  of  193-8. 
Referring  either  to  the  graphic  construction,  or  to  table  I,  we 

find  the  value  of  the  tangent  (at  ^=0^-55)=0'62  approximately, 
and  193-8  X  62=120  16.  Our  table  shows  the  reduction  factor 
for  two  surfaces  of  silver  to  be  1-22,  whence  the  final  reduced 
value  becomes 

l-22xl2016=146-6 

And  in  this  manner  from  tables  II  and  III  the  remaining  values 
in  table  V  are  derived  from  those  in  IV ;  but  here  let  it  be  ob- 
served that  these  values  in  table  V  do  not  yet  represent  what  we 
wish,  sincQ  they  do  not  correspond  in  any  exact  sense  to  one 
constant  amount  of  energy.  It  is  true  that  thev  might  at  first 
sight  appear  to  do  so,  since  one  constant  quantity  or  solar  en- 
ergv  actually  or  virtually  entered  through  the  same  constant 
width  of  the  slit  to  produce  them,  and  passed  through  one  con- 
stant aperture  at  the  second  slit,  and  since  finally  the  prismatic 
values  are  reduced  to  these  in  the  normal  spectrum ;  but,  as  the 
writer  has  shown  not  only  bv  theoretical  deductions  from  what 
is  observed  with  the  prism,  but  by  very  numerous  measures  in 
the  normal  spectrum  from  a  grating  by  means  of  a  bolometer, 
the  solar  energy  in  the  normal  spectrum  itself  is  very  unequally 
distributed.     (See  table  I.) 

Since  thermal  and  luminous  effects  vary  proportionately  in 
the  same  ray,  it  is  to  be  observed  that  the  values  in  table  I 
fnmish  for  each  wave-length  a  divisor  which  gives  not  only  the 
heat  but  the  brightness  which  would  have  been  observed  had 
the  prism  dispersed  the  energy  which  fell  on  it  in  such  a  way 
that  the  same  amount  of  energy  fell  in  one  part  of  the  spectrum 
as  in  another,  and  thus  we  finally  obtain  the  values  in  table  VI 

Table  VI. 

Sensitiveness  of  the  eye  for  a  constant   amount   of  energy   of 

varying  wave-length. 


a= 

/•Si 

o'*-38 

0^-40 

0^-45 

1           1 

0^^-50  0^-55  0^-60 

1 

0^-66 

1 
0^-70 

0  004 

0^-76 

0^-768 

a.p.L.. 

0042 

1    ' 

0194  0-706 

0-475 

0073 

P.W.V. 

0-0051 

0-0168 

0104  150 

7-90    6-79 

0-551 ,0036 'o-005 

! 

0-00007 

0-00001 

B,  B.  L.  • 

0000 

0-0030 

0139 

3-76 

10-106-31 

1 

117 

0089  0-009 

0-00004 

E.  M... 

0140 

2-86 

4-73 
7-68 

4-04 

1-14 

0-084 

0023 

Mean*. 

0-0026 

0-0149 

0-128 

2-70 

6-S8 

0-954 

0070 

0-012 

0-00006 

0-00001 

*  The  obeenrationB  of  S.  P.  L.  are  here  omitted  from  the  mean. 
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It  will  be  observed  that  no  correction  has  been  introdnced 
for  selective  absorption  in  the  sabstance  of  the  prism  itself,  as 
this  is  absolutely  negligible  within  the  limited 'range  of  the 
spectrum  we  are  discussing. 

This  table  exhibits  the  relative  effect  npon  very  different 
eyes  of  a  given  amount  of  energy  in  the  form  of  radiation  of 
various  wave-lengths. 

Quite  notable  differences  exist  between  the  different  ob- 
servers, not  only  as  to  the  absolute  sensitiveness  of  the  eye,  but 
also  as  to  the  relative  eflBciency  for  different  colors.  This  seenw 
to  be,  to  some  extent,  a  function  of  the  age  of  the  observer,  if 
we  may  draw  any  conclusion  from  so  lew  comparisons,  the 
younger  eyes  being  much  more  sensitive  to  the  rays  of  shorter 
wave-length.  Beyond  this,  any  unusual  efliciency  for  a  partic- 
ular part  of  the  spectrum  is  perhaps  apt  to  be  balancea  by  i 
deficiency  in  another  part,  which,  if  strongly  pronounced, 
would  be  termed  color  blindness.  Prof.  J.  Clerk-Maxwell, 
employing  pure  spectrum  colors,  formed  white  by  combining 
26*8  per  cent  of  red  with  30*2  per  cent  of  green  and  43*5  per 
cent  of  blue  (Phil.  Trans.  R.  Soc,  1860,  p.  79)  and  on  anotner 
occasion  with  a  slightly  different  apparatus  (loc.  cit.  p.  74)  the 
same  observer  made  white  by  mingling  21*9  per  cent  of  red 
with  33*3  per  cent  of  green  and  44  8  per  cent  of  blue.  The 
Allegheny  observers,  F.  W.  V.,  B.  E.  L.,  and  E.  M.,  with  whom 
this  experiment  was  repeated,  required  from  one-fourth  to  one- 
tenth  less  red  and  one-sixth  to  one-eighth  more  blue  than  Max- 
well, forming  white  by  mingling  20  per  cent  of  red  with  30 
per  cent  of  green  and  50  per  cent  of  blue.  Since,  in  order  to 
make  white,  more  of  that  color  is  required  for  which  the  eye 
is  most  sensitive,  we  may  perhaps  infer  that  Prof.  Maxwell  was 
somewhat  less  sensitive  to  blue  than  these  observers,  although  it 
should  be  remembered  that  the  relative  intensity  of  the  blue 
and  red  in  the  solar  spectrum  is  liable  to  undergo  considerable 
fluctuations,  so  that  where  direct  comparison  of  individual  eyee 
is  imj)ossihle,  some  uncertainty  must  remain. 

We  have  selected  for  comparison  with  our  results  the  follow- 
ing by  Capt.  Abney  (using  a  different  photometric  method), 
which  we  have  here  reduced  to  the  normal  scale.  (See  "  Trans- 
mission of  Siinlifijht  through  the  Earth's  atmosphere,"  by  Capt 
W.  de  W.  Abuey,  K.E.,  F^.R.S.;  Phil.  Trans.  R.  Soc,  vol.  178, 
(1887),  A.,  pp.  274-276).  From  the  mean  of  the  observa- 
tions of  July  1st,  July  5th  and  July  2lst,  1886,  made  with  an 
average  air-mass  of  1*33  atmospheres,  we  obtain  these  photo- 
metric values  for  the  normal  spectrum : 

X  =  (f'AO       0^-45        0^-50        (f'bb        0^-60        O^^'SS        (J^'l^ 
Light=   0-8  2-8  25-0  82*0  66-6  12*^  O'S 
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'he  general  form  of  this  carve  agrees  with  that  of  S.  P.  L. 
•ve  a,  fig.  4),  showing  a  maximnm  eensitiTeness  near<l=0''-67. 
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The  light  curves  of  F.  W.  V.  (curve  c,  fig.  4),  and  of  E.  M,,  • 
(curve  J,  fig.  4),  have  their  maxima  respectively  near  X^^f-fA 

aud  ;i=(y-58. 

Everything  which  has  preceded  has  had  reference  to  the 
relative  luminous  effects  produced  by  any  (moderate)  conetant 
quantity  of  energy.  It  may,  however,  be  interesting  to  make 
the  novel  calculation  as  to  the  actual  amount  of  energy  either 
in  horse  power  or  any  other  unit  required  to  make  us  9ee^  and 
we  can  obtain  an  approximate  estimate  of  this  amount  of  energy 
as  follows : 

Actinometric  measurements,  made  during  the  progress  of  the 
photometric  observations,  showed  a  solar  radiation  of  1*5  calorieg 
per  square  centimeter  per  minute.  Of  this  amount  of  heat  the 
slit  («,),  being  3"°'4  high  by  0*^-01  wijde,  received  the  fraetioD 
0034.  The  visible  spectrum  from  A  to  H,  included,  according 
to  the  bolometer  measures,  about  21  per  cent  of  the  total  en- 
ergy, the  absorption  of  the  lower  infra-red  by  the  great  thick- 
ness of  glass  in  the  prism  being  large.  We  estimate  that  nearly 
20  per  cent  had  been  lost  by  reflection  before  the  bolometer 
was  reached.  The  spectrum  formed  had  a  length  of  86""  from 
A  to  H.  The  average  energy  which  passed  through  the  milli- 
meter aperture  of  slit  «,  was  therefore  (within  these  limits  and 
expressed  as  heat), 

1^*'  -5  X  0034  X  0-21  XO-8  X  — , 

86 

or  approximately  TurffTT  calorie,  let  us  say  4,000  ergs  per 
minute. 

At  1  meter  from  slit  .<?,,  this  energy  is  further  spread  out  over 
an  illuminated  area  of  ^8  sq.  em.,  of  which  the  square  centi 
meter  of  fine  print,  being  placed  at  an  angle  of  45°  with  the 
path  of  the  ray,  occupies  only  about  ^.  If  a  length  of  1°°  of 
the  standard  spectrum  receives  an  average  energy  of  j^h^ 
calorie  per  minute,  the  actual  working  part  of  the  screen,  con- 
sisting of  the  little  square  of  fine  print,  will  receive  at  a  distance 
of  I  meter  ^u-oVttif  calorie  per  minute.  But  this  by  no  means 
gives  the  amount  of  energy  requisite  to  produce  vision,  since  the 
eye  is  able  to  receive  a  distinct  visual  impression  in  less  than 
one-half  second  of  time.  We  may  say,  therefore,  that  a  Inmi- 
nous  energy  of  T5^(nnjV(nnr  calorie  is  sufficient  to  give  a  distinct 
view  of  the  small  square  of  figures  in  the  brightest  part  of  the 
spectrum,  even  after  the  immense  loss  of  light  by  absorption  and 
diffusion  in  the  paper,  which  may  amount  to  ^^  of  the  whole. 

Even  less  light  is  needed  to  give  the  bare  impression  of  lumi- 
nosity. The  sensitiveness  of  the  human  eye  is  indeed  so  eitra- 
ordinary,  that  the  chief  difficulty  in  measuring  its  power  is  to 
find  means  for  sufficiently  reducing  the  intensity  of  sunlight, 
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which  are  at  the  same  time  capable  of  even  approximate  nu- 
merical estimation.  Out  of  numerous  plans  trieo,  the  following 
has  given  the  most  reliable  result. 

In  front  of  the  first  slit,  in  the  path  of  the  rays  from  the 
siderostat,  was  placed  a  plate  of  glass  very  lightly  smoked  whose 
transmission  for  different  kinds  of  light  was  nrst  photometri- 
cally measured  and  found  to  be 

For  violet  light  (^=0^-40)  transmission  0*000210 
"      green     "        (X=0^-56)  <*  0-000666 

"      red         "        (X=0^G6)  "  0*002360 

The  photometer  wheel  was  next  interposed,  its  aperture  be- 
ing sometimes  reduced  until  only  2  per  cent  of  the  light  re- 
ceived passed  through  it. 

The  sUt  was  at  first  kept  as  near  the  standard  width  of  Q-l"™ 
as  possible ;  but  it  was  afterwards  deemed  best  to  secure  the 
final  adjustment  for  the  minimum  visihile  at  the  slit,  as  it  was 
evident  on  trial  that  the  inaccuracy  due  to  the  varying  loss  by 
diffraction  was  small,  compared  with  the  inevitable  uncertainty 
of  the  observer  himself. 

Finally,  the  larger  part  of  the  necessary  reduction  was 
secured  by  reducing  the  aperture  of  the  collimating  lens  by 
means  of  a  metal  plate  pierced  by  a  minute  aperture  whose 
area,  0  00015»^  *^,  was  0-000003  of  the  fully  illuminated  area 
of  the  lens. 

The  aperture  of  the  human  eye,  according  to  du  Bois-E^y- 
mond's  photograph  (see  Jfature,  May  3,  1888,  p.  15),  is  about 
O'T***  **°,  \^hen  fully  expanded,  or  the  same  as  that  of  the  fore- 
shortened disk  of  figures  previously  employed.  The  size  of 
the  light  spot  at  the  standard  distance  beyond  slit  ^„  when  the 
minute  aperture  is  placed  over  the  collimating  lens,  is  reduced 
so  that  about  two-thirds  of  the  light  enters  the  eye  placed  1 
meter  behind  the  1"°*  slit  on  which  the  spectrum  is  formed. 

The  following  reductions  of  sunlight  were  needed  in  order 
to  give  a  light  which  approximated  to  the  mi7iimum  visibile, 
defining  this  to  be,  not  the  smallest  light  whose  existence  it  is 
possible  to  suspect,  or  even  to  be  reasonably  certain  of,  but  a 
light  which  is  observed  to  vanish  and  reappear  when  silently 
occulted  and  restored  by  an  assistant  without  the  observer  s 
knowledge. 

Referred  to  the  standard  spectrum  employed  in  the  previous 
photometric  work,  the  observer  F.  W.  V .  found  : 

Fraction  of  standard*  violet  light  (A=o'^-40)  required  for  certain 
▼ision  =000021 X 100  X  0-000003 =0000000,063. 

*B7  "standard*'  is  here  meant  the  light  in  l"^"*  of  the  standard  spectrum* 
whose  length  from  A  to  H  was  86°*". 
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FraotioD  of  standard  green  light  (X= 0^*65)  reqmradforoertiiD 
virion  =0*000656  X  0-088  X0-O00008=:0-000000,OOOM56. 

Fraction  of  standard  scarlet  light  (1=0^*06)  reqmred  foroer 
tain  vision  =0*00285 X2*X0'000003=:0-000000,0]41. 

Fraction  of  standard  crimson  light  (1=0^*75)  required  for  o»* 
tain  visions:  10' X0-000008=0-^08. 

The  meaanres  were  made  on  July  8d  and  llih|  the  tkj  be- 
ing a  fairly  good  mill^  blue  and  the  sun  within  one  hour  of 
the  meridiaii. 

Assnming  that  the  energy  per  millimeter  of  the  standard 
•pectmm  was  0*000001  oaforie  per  half  second  for  the  wave- 
lengths 0^-55  and  0^-76,  we  have  from  table  I : 

For  X=0^-40,  energy=  5'8-h(20-7Xl>000000)  calorie. 
**    Xszifeb,       "      =:22-2-h(20-7X  1,000000)      •* 

bv  means  of  which,  we  rednoe  eacb  of  the  above  valnes  if^ 
absolnte  measnre,  obtaining  for  the  maximum  value  of  tiie 

Minimum  Visibile, 

Redprooal  of  Beo^lirocal  of 

Violet (f'40        63,000000,000000  calorie8=     1,500000  erga. 

Green O^'-SS  16000,000000,000000      "        =360,000000    ** 

Scarlet. --  o'^-as         66,000000,000000      "        =     1,600000    " 
CrimBon  ..  (f'l5  83000,000000      "        =  780    « 

Stating  these  values  in  terms  of  horse  power  we  have 

Minimum  Visibile, 

h.  p. 

Violet 0^-40  0-000000,000000,00018000 

Green (f'55  0*000000,000000,00000075 

Scarlet &^'65  0-000000,000000,0001 7000 

Crimson  (near  A) . .   0^-76  0-000000,000000,34000000 

The  measurement  of  the  minim,u7n  visihUe  is  subject  to 
variations  of  a  much  wider  range  than  those  of  the  photo- 
metric method  and  may  perhaps  be  in  error  by  100  per  cent* 

*  The  relative  sensitiveness  of  the  eye  of  the  observer  in  queetion  (P.  W.  V.) 
for  the  extreme  red  or  violet,  as  compared  with  its  power  of  detecting  (^reen  light, 
appears  to  be  somewhat  less  when  determined  by  the  method  of  minimum  visibik 
than  by  the  reading  of  fine  print 

By  the  former  we  have 
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The  Drobable  error  of  a  series  of  ten  readings  of  fine  print, 
under  the  actaal  conditions  of  observation  with  a  (feeble)  stan- 
dard luminosity,  is  determined  for  two  of  the  observers  as 
follows : 


Violet  Light 

Orange-yellow  light 
A  2=  0/^-60 

Scarlet  light 
A  =  0^-66 

Probable  Error  of  one  observation. 

P.  W.  V 

% 

6-63 

% 
1-76 

% 

314 

E.M 

7-69 

2-61 

2*86 

Probable  Error  of  mean. 

F.  W.  V 

1-76 

0-66 

0-99 

K.  M 

2-44 

0*80 

0-90  . 

The  measurements  with  violet  light  were  made  June  19, 1888,  ''sky  hazy  blue, 

thin  but  uniform  cirrus  haze."  Those  at  wave-lengths  0^'60  and  0/^*65  were  ob- 
tained on  June  20,  1888,  '*  sky  hazy  blue  with  cumuli,  haze  not  as  dense  as  on  the 
19th  but  possibly  less  uniform." 

For  a  large  part  of  the  spectrum  the  probable  error  of  a 
single  reading  does  not  exceed  4  per  cent  but  the  error  may 
considerably  exceed  this  for  the  violet  rays,  the  eye  requiring 
a  much  longer  time  to  regcmi  its  sensiti/oeness  for  light  of  this 
color  thanjor  any  other^  so  that  for  measures  in  this  region  an 
hour's  stay  in  the  darkened  room  is  none  too  much  to  aevelop 
the  full  power  of  an  eye  which  has  recently  been  exposed  to 
the  full  sunshine. 

'Kme  required  for  Vision. 

In  connection  with  the  photometric  measures  the  time  re- 
quired for  the  perception  of    very  faint  colored  lights  was 

Sensitiveness  violet  (/'•40)  :  green  (^-55)= 1 ;         240 
"  scarlet  (^-66)  :  green  (/'•56)=1  :         230 

"        crimson  {Mb)  :  green  (^•55)=1  :  460,000 

Photometry  by  the  reading  of  fine  print  g^ve  for  the  same  observer 

Violet,  sensitiveness  of  eye  =0  104,000 
Green,  "  "  =5-790,000 

Scarlet,  "  "  =0  036,000 

Crimson,         •*  "  =s0000,070 

unity  being  the  sensitiveness  for  yellow  light;  and  the  relative  effect  by  this 
method  is 


Violet  (^-40) :  green  (i"-55)=  1 
Scarlet  (/'•GS) :  green  (^-55)=  1 
Crimson  {Mb)i  green  (^•55)=1 


66 

160 

83,000 
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investigated.  The  method  was  an  electrical  one.  There  was 
automatic  registration  on  a  chronograph  of  the  instant  of  exhi- 
bition, and  determination  of  the  instant  of  response  as  the  ob- 
server pressed  a  key.  The  interval  of  course  includes  quite  t 
train  of  distinct  operations.  According  to  Mendenhall  (this 
Journal,  III,  vol.  ii,  p.  156),  that  portion  of  the  action  of  brain 
nerve,  and  muscle  which  produces  the  mechanical  effect,  and 
which  may  be  called  automatic,  takes  place  in  certainly  bnt 
little  over  one-tenth  of  a  second.  But  the  sensations  which 
demand  a  conscious  concentration  of  the  attention,  and  espe* 
cially  those  which  require  for  their  registration  a  decision  of 
the  judgment,  occupy  an  interval  several  times  as  great.  The 
perception  of  a  light  just  at  the  verge  of  visibility  probably 
involves  an  exercise  of  judgment, — an  answer  to  the  qnestioD^ 
*'  Do  I  see  the  light  or  do  I  not  ?" — although  the  question  may 
not  be  consciously  propounded,  and  accordingly  this  kind  of 
perception  may  be  included  in  that  class  of  combined  sensa- 
tion and  mental  operation  which  involves  a  choice.  Profeesor 
Mendenhall  found  for  the  time  required  to  decide  between  red 
and  white  0"*^*  448  and  to  decide  between  a  circle  and  a  triangle 
0«ec,  .494  ^ffQ  \i2iVQ  found  for  the  average  of  over  1000  observa- 
tions of  the  disappearance  or  reappearance  of  a  very  faint 
light  (perhaps  20  times  as  bright  as  the  faintest  perceptible), 
()sec.  .507^  t)ut  corresponding  measures  with  a  moderately  bright 
spectrum,  the  light  being  about  10,000  times  as  intense  as  that 
called  "  very  faint,"  gave  0**^-  -242,  a  number  which  is  inter- 
mediate between  the  times  found  by  Professor  Mendenhall  for 
the  appearanee  of  a  white  card  (O"*^^-  •202)  and  that  of  an  electric 
6]>:irk  (0*^^-  -203).  We  may  therefore  conclude  that  distinct 
vision  for  a  verv  faint  lii^^lit  demands  about  one  half  second  of 
time,  while  the  ])eree])tion  of  light  of  ordinary  brightness  re- 
quires only  a])out  half  that  interval.  It  is  possible  that  differ- 
ences in  the  rapidity  of  the  j)ereeption  for  lights  of  different 
colors  might  be  detected  on  more  exhaustive  study,  but  none 
have  been  noted  in  these  experiments  other  than  those  which 
were  attributable  to  the  variation  of  intensity. 

It  will  be  seen  that  (juantitative  measures  of  the  effect  upon 
the  eye  of  different  rays  whose  luminosity  varied  in  the  pro- 
portion of  200  000  :  1,  were  actually  obtained  and  that  it 
would  have  been  possible  to  considerably  exceed  these  limits, 
especially  when  it  is  considered  that  the  photometric  measures 
were  confined  to  lights  of  feeble  intensity.  Since  it  is  possible 
to  look  directly  at  the  sun  for  as  short  a  time  as  one-half  sec- 
ond, it  is  certain  that  the  eye,  by  the  combined  adaptability  of 
the  iris  and  retina,  can  perceive  lifrhts  whose  intensities  varvin 
the  ratio  of  1  to  1  000  000000  000000  *     (lOj" 

♦  It  may  be  interesting  to  check  this  result  by  an  entirely  different  method. 
The  light  of  the  sun  is,  according  to  Pickering,  equal  to  that  of  a  star  of  —  25'5 
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rill  be  underetood  that  the  writer  does  not  profess  any 
tence  in  physiological  optics,  and  that  the  preceding  ob- 
ons  and  the  conclusions  reached  from  them  are  both  to 
ierstood  from  the  purely  physical  point  of  view.  This 
premised,  we  will  summarize  the  paper  in  the  following 
sions. 

time  required  for  the  distinct  perception  of  an  exces- 
faint  light  is  about  one-half  second.  A  relatively  very 
me  is,  however,  needed  for  the  recovery  of  sensitiveness 
3xposure  to  a  bright  light,  and  the  time  demanded  for 
storation  of  complete  visual  power  appears  to  be  greatest 
the  light  to  be  perceived  is  of  a  violet  color. 

visual  effect  produced  hy  cmy  given^  constant  arMmnt 
^gy  varies  enormously  according  to  the  color  of  the  light 
stion.  It  varies  considerably  between  eyes  which  may 
rily  be  called  normal  ones,  but  an  average  gives  the  fol- 
:  proportionate  result  for  seven  points  in  the  normal 
am,  whose  wave-lengths  correspond  approximately  with 
of  the  ordinary  color  divisions,  where  unity  is  the 
it  of  energy  (about  y^jVir  ^''S)  required  to  make  us  see  light 
I  crimson  of  the  spectrum  near  A,  and  where  the  six 
ling  wave-lengths  given  correspond  approximately  to  the 
ors  violet,  bhie,  green,  yellow,  orange,  red. 

»r.  violet.         Blae.  Green.  Yellow.        Oraiiire.        Bed.    Crims. 

length,  ^-40       '"•47  '"•63  ^'58         ^'60        ^-66  ^^76 

osity,     1,600     62,000     100,000     28,000     14,000     1200     1 
.1  effect.) 

• 

;e  we  can  recognize  color  still  deeper  than  this  crimson, 
ears  that  the  same  amount  of  energy  may  produce  at 
00,000  times  the  visual  effect  in  one  color  of  the  spec- 
that  it  does  in  another,  and  that  the  vis  viva  of  the 

whose  length  is  0^*76,  arrested  by  the  ordinary  retina, 
ents  work  done  in  giving  rise  to  the  sensation  of  crim- 
yht  of  0-0000000000003  horse  power,  or  about  0  001  of 
5,  while  the  sensation  of  green  can  be  produced  by 
100,01  of  an  erg. 

Dagnitude,  or  4400,000000  times  that  of  Sirius  (Mag.  —1*4)  which  again 
910  times  that  of  a  sixth  magnitude  star,  ordinarily  considered  the  faintest 
o  the  naked  eye.  Here  the  light  of  the  sun  is  to  that  of  the  minimum 
as  1  to  4,000000,000000  (4xl0><),  but  the  difference  seems  accounted 
tie  fact  that  the  ratio  by  this  latter  method  is  found  for  an  eye  exposed 
g^ht  by  the  former  for  an  eye  in  absolute  darkness. 
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Art.  XL. — Mineralogical  Notes  ;^  by  W.  Eabl  Hidden. 

Xenotimey  from  New  York  Cii/y. — In  1872  I  disooyered^  in 
the  vicinity  of  155th  street  and  11th  avenue,  a  single  crystal  of  t 
mineral  which  I  then  determined  to  be  xenotime.  It  occoned 
in  a  coarse  pegmatite  vein  traversing  gneiss  and  associated  witii 
much  muscovite,  tourmaline,  orthociase,  quartz  and  apatite. 
The  determination  was  based  upon  the  form  and  physical 
characters  which  agreed  with  those  of  xenotime.  This  crystal 
was  y'y  inch  in  diameter.     It  showed  the  planes  1  (111)  and  / 

a  10)  and  in  habit  resembled  figure  438  of  Dana's  System  of 
ineralogy.     The  planes  were  too  uneven  to  allow  of  exact 
measurement 

In  February  of  this  year  my  attention  was  called,  by  Mr. 
William  Niven,  of  New  York,  to  a  series  of  specimens  he  had 
lately  collected  in  the  same  neighborhood.  They  included 
besides  black  tourmaline,  dark  green  apatite,  muscovite  and 
orthociase,  two  small  brown  crystals  on  separate  specimens 
resembling  zircon  in  form.  An  indication  of  prismatic  cleavage 
and  the  inferior  hardness  (about  5)  led  me  to  believe  them  to 
be  xenotime ;  this  determination  was  confirmed  by  a  chemical 
test  of  one  of  the  crystals  which  yielded  a  large  amount  of 
P,0^.  These  new  crystals  have  long  prisms  and  very  smooth 
planes,  thus  differing  from  the  first  one  found  in  1872.  The 
color  is  dark  hair-brown.  It  is  similar  in  form  to  a  crystal 
from  Schiittenhofent  figured  by  R.  Sharizer,  excepting  that  it 
is  much  longer  vertically.  It  is  similar  also  to  the  xenotimes 
from  Alexander  County  already  described  in  this  Journal^  and 
to  crystals  from  Hittero,  Norway  lately  described  by  G.  Flink§ 
Careful  measurements  were  made  by  Mr.  H.  S.  Washington, 
with  a  Fuess  horizontal  goniometer,  of  the  angles  of  one  of 
these  New  York  Island  xenotimes.  He  states  that,  "the  images 
were  very  good  and  the  angles  are  quite  reliable  and  useful  for 
comparison.  They  agree  well  with  vom  Rath's  values."!  The 
following  were  the  best  angles  (supplement)  obtained. 

«>^»(^l  ^  111)  =  55°  32' 30'' 
*>>r  (111  ^311)  =  29"  50' 30" 

giving c\  a  =1  0*619431 :  1 

Only  three  planes  were  observed,  i.  e.,  %  (111),  ra  (110)  and 
r  (311). 

*  Contiauod  from  vol.  xrxiii,  p.  501. 

f  "  Zeitschrift  fiir  Krystallographic,  etc.,"  xiii,  1,  1887,  figure  1. 

i  This  Jour.,  Ill,  xxxii,  p.  206,  Sept.,  1886. 

§  Bihang  tUl  K.-Svensk.  Vet.  Akad.  Hand.,  xii,  part  2,  No.  2,  p.  41  (1886). 

I  Jahrb.  Min..  1879,  p.  536. 
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^ater  work  at  this  locality,  by  Mr.  Nivens,  has  resulted 
the  finding  of  crystals  of  zircon  (Q.  =  4 -73 J,  monazite 
=  5*51),  chrysoberyl,  iolite,  pinite,  and  two  otners,  which 
ave  not  as  yet  identified,  all  new  to  the  locality. 
Yenotirne^  frotn  Alexander  Co,^  North  Carolina, — In  some 
icentrations  of  vein  material  from  the  locality  formerly  known 
tfilhoUand's  Mill,*  I  have  also  found  several  brilliant  brown 
asparent  crystals  of  xenotime.  An  ounce  of  this  sand  yielded 
re  than  a  dozen  perfect  crystals.  They  were  minute,  none  of 
m  exceeding  2™™  in  length  and  from  \  to  i™™  in  thickness, 
e  hardness  was  less  than  5  ;  the  quantity  was  too  minute  to 
)w  of  a  specific  gravity  determination.  With  these  hair- 
►wn  xenotimes  and  topaz-yellow  monazite  also  occur  very 
lliant  ruby-red  crystals  of  rutile  and  small  muscovite  crystals. 
e  measurements  of  the  angles  were  attended  with  considera- 
diflSculty  but  the  following  satisfactory  results  were  finally 
ained : 

b'  ^8"'  (111  ^  III)  =  96i*  approx. 
m' ^ff  (111)..  Ill)  =  131i*  approx. 

A.8  to  the  new  p]aney*(2-i,  201),  it  was  observed   equally 
reloped,   as   shown  in  figure  1,  on  all  the  crystals  founi. 

symbol  is  determined  without  measurement,  by  the  fact 
.t  its  terminal  edge  is  truncated  by  the  pyramid  1.     It  is  to 

hoped  that  the  mining  now  going  on  m  this  region  may 
ng  to  light  macroscopic  examples  of  this  very  interesting 
>e  of  xenotime. 

&.t  a  new  locality,  about  3^  miles  nearly  due  east,  I  found, 
August,  a  few  small  crystals  of  xenotime  of  a  dark  brown 
or  that  had  polished  planes.  They  were  found  associated 
;h  monazite,  rutile,  muscovite  and  cjuartz  crystals. 
Xenotime-zircon^from  a  new  locality,  —On  the  Davis  land, 
the  east  side  of  the  road  that  leads  from  Zirconia  Station  to 
eenville,  via.  "  Poinsetts  Spring ;"  and  distant  about  four 
les  from  Green  River  Post  OflSce,  Henderson  County,  North 
rolina,  there  is  an  outcropping  of  decomposing  granite  that 
\  lately  yielded  a  small  Quantity  of  very  interesting  minerals ; 
y  one  of  which  I  shall  describe  at  this  time. 
A.  cubic  yard  of  the  partly  kaolinized  material  yielded  on  wash- 
;  nearly  an  ounce  of  a  mixture  of  zircon,  monazite,  xenotime, 
nember  (as  yet  unidentified)  of  the  samarskite  group,  and 
isiderable  magnetite  in  octahedral  crystals.  Figure  2  shows 
)  symmetrical  development  of  the  largest  xenotime  found, 
i  its  association,  in  parallel  position,  with  a  crystal  of  zircon, 
e  specimen  is  nearly  one  centimeter  thick.  The  zircon 
stal  forming  the  center  is  bright  dark- brown  and  the  xeno- 

Now  Warren's.  '  On  the  monazite  from  this  locality  see  this  Journal,  xxii,  21,  ' 
1,  and  xxiv,  247,  1882. 
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time  has  a  pale  yellowish  gray  color.     The  planes  on  both  are 
smooth  but  uDsuited  for  correct  measurement. 

These  symmetrically  compounded  crystals  of  zircon  and 
xenotime  were  first  noticed  by  Zschau  on  specimens  from 
Hittero,  Norway.     In  1879  I  found  similar  crystals  at  the 


2 


'/ 


Mills'  gold  mine*  (placer  washing),  in  Burke  County,  N.  C. 
The  xenotime  here  figured  is  especially  interesting  from  the 
.presence  of  the  rare  planes  P  (001)  and  d  (100);  both  of 
which  have  been  observed  by  Flink  on  Norway  crystals.!  The 
basal  plane  I  have  myself  observed  on  a  large  crystal  from  the 
bastnsesite  locality:}:  in  Colorado. 

Of  the  seventeen  distinct  crystals  of  xenotime  found  at  this 
locality,  seven  (the  largest)  had  zircons  enclosed  in  parallel 
position  and  one  showed  the  plane  3-3  (311).  Of  the  as- 
sociated minerals,  there  were  noticed  two  varieties  of  zircon : 
the  ordinary  gray  crystals  and  the  soft  dark-brown  cyrtolite 
variety  with  curved  faces.  The  latter  seems  to  be  the  onlj 
kind  as  yet  found  compounded  with  xenotime. 

Xenotime-zircon^  from  Mitchell  County^  If.  C. — On  the 
cyrtolite  from  the  Deake  mica  mine  I  have  lately  observed  a 
smgle  instance  of  xenotime  occurring  (in  patches  only)  in  par- 
allel position  ;  resembling  greatly  the  Henderson  County  cr)'s- 
tals  above  described.  The  associations  were  gummite  and 
uraninite. 

Xenotime^  from  McDowell  Co,^  N.  C, — I  have  lately  re- 
ceived from  Mr.  T.  S.  Ash,  several  xenotime  crystals  that  were 
found  near  Dysartsvi]le,§  McDowell  County,  N.  C. ;  one  of 
these  is  14:"*"*  in  diameter.  One  clear  brown  crystal  (8x5""") 
exhibits  a  type  of  form  which  I  have  not  seen  credited  to 
the  species.  The  crystal  is  made  up  of  only  the  one  form 
8  (1,   111),    but   the   faces,    while   smooth   and   polished,  are 

*  This  Journal,  vol.  xxi,  p  244.  f  This  Journal,  xx,  p.  273. 

1  This  Jourual,  vol.  xxix,  p.  248. 

S  Three  miles  west  from  the  Mills  mine  above  dted. 
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curved  and  twisted  in  a  manner  comparable  only  to  those 
Btrangely  contorted  smoky  quartz  crystals  from  Mount  St 
Gothard,  Switzerland,  and  to  some  crystals  of  pearl-spar  (dol- 
omite). _  The  crystal  described  is  so  bent  that  an  edge  s'js 
(111/111),  which  should  be  horizontal,  stands  nearly  at  an 
an^le  of  46*^  from  its  proper  position.  The  crystal  weighs  one- 
sixth  of  a  gram  and  has  a  density  of  only  4-27.  The  prismatic 
cleavage  is  well  marked  by  internal  reflections.  The  nardness 
eeems  to  be  slightly  above  five. 

Newark,  N.  J.,  September  7th,  1888. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Relation  of  Solubility  to  Fusibility, — Carnbllbt  and 
Thomson  have  devised  a  simple  and  efficient  apparatus  for  deter- 
mining the  solubility  of  substances  in  various  solvents  and  have 
applied  it  to  the  estimation  of  the  solubility  of  the  isomers  meta- 
nitraniline  and  para-nitraniline  in  thirteen  different  solvents. 
With  the  aid  of  these  results,  together  with  others  already  on 
record,  these  authors  have  discussed  the  close  relation  which  exists 
between  the  solubility  of  isomeric  carbon  compounds  and  their  fusi- 
bility, already  pointed  out  by  one  of  them  several  years  ago. 
Starting  from  the  observation  of  Pictet  that  the  lower  the  melt- 
ing point  of  a  solid,  the  longer  are  the  oscillations  of  its  molecules, 
so  that  the  product  of  the  melting  point,  measured  from  the  abso- 
lute zero,  by  the  length  of  oscillation  is  constant,  the  authors 
reason  that  of  two  isomers,  the  one  with  lower  melting  point 
will,  at  any  temperature  below  this  point,  have  its  molecules 
moving  with  oscillations  of  greater  amplitude  than  the  one  with 
the  higher  melting  point;  and  consequently,  the  molecular 
weights  being  equal,  the  force  of  restitution  will  be  less  in  the 
case  of  the  more  fusible  compound,  and  its  molecules,  being  in  a 
less  stable  condition,  will  be  the  more  readily  separated  from 
their  fellows.  Now  inasmuch  as,  in  order  that  a  solid  may  dis- 
solve in  any  liquid,  its  molecules  must  undergo  a  sort  of  unloosen- 
ing process,  the  conclusion  is  legitimate  that  of  two  isomeric 
bodies,  that  one  should  dissolve  the  naore  readily  in  which  the 
attraction  toward  the  mean  position  is  least,  i.  e.,  the  more  fusi- 
ble one.  The  authors  conclude  :  1st,  that  for  any  series  of  iso- 
meric organic  compounds,  the  order  of  solubility  is  the  same  as 
the  order  of  fusibility,  the  more  fusible  body  being  the  more  sol- 
uble one.  2d,  in  any  series  of  isomeric  acids,  not  only  is  the 
order  of  solubility  of  the  acids  themselves  the  same  as  the 
order  of  fusibility,  but  the  same  order  of  solubility  extends  to  all 
the  salts  of  these  several  acids ;  so  that  the  salts  of  the  more 
soluble  and  more  fusible  acids  are  also  more  easily  soluble  than 
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the  corresponding  salts  of  the  less  fusible  and  less  soluble  acidft. 
In  order  to  test  the  first  law,  1778  cases  of  isomeric  compouods 
were  examined  as  to  fusibility  and  solubility ;  and  of  these  1755 
were  found  to  agree  with  the  rule.  With  regard  to  the  second 
law,  138  out  of  143  cases  were  found  to  obey  it.  Of  the  28 
exceptions  to  both  laws,  16  there  is  reason  to  believe  are  only 
apparent ;  leaving  only  12  at  the  most,  not  at  present  explicable. 
On  investigating  the  influence  of  the  nature  of  the  solvent,  the 
authors  find  :  Ist,  that  for  any  series  of  isomeric  compounds  the 
order  of  solubility  is  the  same  whatever  be  the  nature  of  the 
solvent.  And  2d,  that  the  ratio  of  the  solubilities  of  the  two 
isomcrides  in  any  given  solvent  is  very  nearly  constant  and  is 
therefore  independent  of  the  nature  of  the  solvent.  The  former 
rule  was  found  to  hold  in  every  one  of  666  cases  examined ;  aod 
the  latter  in  the  case  of  the  two  nitranilines  with  the  13  solvents 
as  above  described.  The  authors  are  disposed  to  regard  the  rela- 
tion of  fusibility  to  solubility  as  but  a  part  of  a  more  s^eneral 
law,  i.  e.,  that  the  properties  of  the  corresponding  derivatives  of 
two  or  more  isomeric  compounds  are  related  to  one  another  in 
the  same  way  as  those  of  the  primitive  isomers  themselves.  This 
relation  however  need  not  be  restricted  to  isomeric  bodies;  and 
the  paper  shows  its  existence  in  the  allotropic  forms  of  phos- 
phorus, selenium  and  sulphur,  in  paraffin,  and  in  mixtures  of 
potassium  and  sodium  nitrates. — J,  Chem.  Soc.^  liii,  782,  Sept, 
1888.  O.  F.  & 

2.  RaouWa  method  for  determining  Molecular  Weights, — ^The 
method  of  Raoult  for  determining  molecular  weights  consists  in 
measuring  the  amount  by  which  the  solidifying  point  of  a  solvent 
is  lowered  by  a  known  weight  of  a  dissolved  substance;  the 
apparatus  required  being  only  a  vessel  to  contain  the  solvent  and 
a  tliermometer  reading  to  tenths.  V.  Meyer,  having  used  it  bqc- 
cessfully,  somewhat  modified,  to  prove  the  identity  in  molecular 
weight  of  two  isomers  he  was  investigating,  his  associate  Auwers 
was  led  to  a  study  of  the  conditions  most  essential  to  its  success- 
ful employment  in  the  laboratory.  The  formula  used  is  M=T-r 
A,  in  which  iM  is  the  molecular  weight,  T  the  molecular  depres- 
sion and  A  the  depression  caused  by  one  gram  of  substance  in 
100  grams  of  solution.  The  value  of  T  is  first  to  be  determined, 
which  is  accomplished  by  taking  members  of  the  series  of  cora- 
pouiuls  under  consideration  (lor  which  this  value  is  constant)  of 
known  molecular  weight.  The  selection  of  a  solvent  is  a  matter 
of  prime  importance,  since  it  is  necessary  that  no  chemical  action 
shouhl  take  place  between  it  and  the  substance  to  be  tested. 
Water  is  objectionable  not  only  because  of  its  tendency  to  form 
hydrates,  but  also  because  of  its  limited  solvent  power  for  most 
organic  bodies,  and  because  a  considerable  amount  of  material  is 
required.  Benzene  is  better,  but  its  use  is  also  limited.  The 
best  solvent  is  glacial  acetic  acid,  which  can  be  used  with  a  great 
range  of  substances.  The  errors  are  small  and  it  is  quite  suffi- 
cient to  secure  a  depression  of  about  0-3°.     It  may  be  used  at 
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ordinary  temperatures,  provided  a  closed  space  be  employed  sach 
as  the  author  describes.  Experiments  with  naphthalene  and 
picric  acid,  acetanilide  and  benzil,  and  the  isomeric  diacetyl-com- 
pounds  of  y^-diphenylglyoxime  are  described  in  the  paper. — Ber, 
BerL  Chem,  Oes,y  xxi,  701,  784,  860,  1068,  March,  April,  1888. 
Jl  Chem.  SoCy  liv,  408,  697,  May,  June,  1888.  g.  f.  b. 

3.  On  the  Vapor-densUy  of  Mydrofluoric  acid. — Thorpb  and 
Hamblt  have  published  a  preliminary  note  on  the  vapor-density  . 
of  hydrogen  fluoride.  The  object  of  their  experiments  wa»  to 
ascertain  whether  this  gas  possesses  a  constitution  agreeing  with 
the  formula  H,F„  assigned  to  it  by  Mallet  from  its  density  at 
30'5*,  through  any  considerable  range  of  temperature.  By 
means  of  a  large  platinum  apparatus  provided  with  stopcocks  of 
the  same  metal  the  vapor  density  of  hydrogen  fluoride  was  de- 
termined at  temperatures  varying  from  26*4°  to  88*3°.  The  ma- 
terial was  prepared  pure  as  required  for  each  experiment,  from 
acid  potassium  fluoride,  and  was  then  redistilled  through  the 
platinum  apparatus  placed  in  a  bath  of  glycerin.  Fourteen  ex- 
periments at  short  intervals  between  the  limits  of  temperature 
given,  aflbrded  values  corresponding  to  molecular  weights  rang- 
ing from  61-19  at  26*4**  to  20-68  at  88*3°.  It  appears  therefore 
that  there  is  in  this  case  a  gradual  and  progressive  breaking 
down  of  a  complex  molecular  groupings  analogous  to  that  ob- 
served in  the  case  of  acetic  acid. — J,  Chem.  tSoc,  liii,  766,  August, 
1888.  G.  p.  B. 

4.  On  the  Spectrum  of  Oxygen. — Janssen,  in  his  observations 
on  the  Pic  du  Midi,  has  shown  that  the  indistinct  bands  in  the 
spectrum  of  oxygen  become  visible  in  the  solar  spectrum  when 
the  layer  of  the  atmosphere  through*  which  the  sun's  light  passes 
is  sufficiently  large.  He  has  confirmed  the  existence  of  these 
bands  and  has  proved,  by  a  series  of  observations  ranging  from 
atmospheric  pressure  to  a  pressure  of  100  atmospheres,  with  tubes 
varying  from  0*42  to  60  meters  in  length,  the  law  that  the  intens- 
ity of  these  bands  is  proportionate  to  the  product  of  the  diameter 
of  the  layer  of  oxygen  into  the  square  of  the  density  of  the.  gas. 
Janssen  has  calculated  that  the  bands  should  be  just  visible  with 
a  layer  of  liquid  oxygen  four  or  five  millimeters  in  thickness; 
and  the  result  of  the  calculation  has  been  verified  by  Olzewski 
who  has  experimentally  observed  them  in  a  layer  seven  milli- 
meters thick. —  C.  /?.,  cvi,  1118,  April,  1888.  G.  p.  b. 

5.  On  the  Valence  of  Oxygen. — In  order  to  avoid  the  high 
valence  of  the  haloids,  on  the  one  hand,  in  their  oxygen  acids,  and 
on  the  other,  the  long  and  fragile  atomic  chain,  Hkyes  has  sug- 
gested that  oxygen  should  be  considered  as  quadrivalent,  tho 
haloids  themselves  being  trivalent.  Thus  written  potassium  hypo- 
chlorite becomes  K— CI=0=0  =  C1— K;  and  the  chlorate  and 
perchlorate  are  to  be  viewed  as  formed  of  the  group  K—Cl  = 
joined  to  groups  of  oxygen  atoms  (O,)"  or  (OJ",  in  such  a  way 
perhaps  as  to  form  a  closed  chain.     Moreover  the  author  believes 

Am.  Jour.  Sol— TmaD  Series,  Vol  XXXVI,  No.  215.— Nov.,  1888. 
24a 


386  ScierUific  Intelligences 

that  by  supposing  the  haloid  elements  to  be  trivalent,  the  moleeo- 
lar  compounds  of  their  salts  can  be  better  explained  than  is  possi- 
ble if  the  atoms  are  grouped  about  a  central  atom  of  biefa 
valence.  The  author  thinks  that  the  properties  of  the  peroxifies 
BaO,  and  MnO„  which  are  quite  distinct  from  those  of  SiO,  and 
SnO„  point  to  a  formula  R'  =0=0,  and  thus  sustain  the  qaad- 
rivalence  theory.  The  same  is  true  of  the  oxides  of  silver,  mer- 
cury  and  copper.  As  sodium  dioxide  is  not  decomposed  by  heat, 
he  supposes  it  to  have  the  structure  Na—O—O — Na;  althoogfa 
in  K,0  he  assumes  an  oxygen  nucleus  (O J"  analogous  to  that 
in  KCIO^  and  C1,0^.  Moreover,  this  view  that  oxygen  may  act 
as  a  tetrad,  at  least  occasionally,  is  sup[5orted  by  the  interaction 
of  water  with  various  organic  substances  such  as  aldehyde,  acetal 
and  acetic  acid,  by  Ramsay  and  Young's  gaseous  acetic  acid 
molecule  C^H^O^  and  by  the  substance  (CHJ,0-HC1,  described 
by  Friedel.  The  same  is  true  of  the  double  metallic  oxides,  basic 
salts,  and  water  of  crystallization  (— OH,.OH,.OH,— ).  The 
author  proposes  the  term  validity^  in  cases  where  the  same  atom 
has  two  valences,  to  indicate  the  less  powerful  attraction;  so 
that  chlorine  would  be  univalent  and  tri valid,  carbon  is  quadriva- 
lent except  in  CO  and  CNO  where  it  is  bivalid.  As  J.  J.  Thorn- 
sen  has  shown,  according  to  the  vortex  theory  a  dyad  may  unite 
not  only  with  two  but  also  with  four  monad  atoms ;  so  that 
water  may  consist  of  three  primaries  H,— O— O.  With  this  con- 
clusion the  author's  formula  H,=0=0   evidently  agrees.     It 

agrees  also  with  Brodie's  H^OO. — Phil,  Mc^Q-^  V,  xxv,  221. 

G.  F.  B. 

6.  On  the  Carbon  Atom  and  Vale7ice, — V.  JVIeyer  and  Riecke 
have  pointed  out  that  the  theoretical  conclusions  of  Van't  Hoff 
and  Wislicenus,  supported  and  extended  as  they  have  been  by 
the  experiments  of  Meyer  and  others  on  the  isomeric  benzil-diox- 
imes,  require  a  modification  in  the  generally  accepted  theory  of 
the  carbon  atom  and  necessitate  the  addition  to  it  of  the  two  fol- 
lowing properties:  (l)  The  four  valences  of  the  carbon  atom 
can  be  diverted  from  the  regular  tetrahedric  direction  in  which 
they  are  supposed  to  exist  in  marsh  gas  and  compounds  of  the 
constitution  Ca^;  and  (2)  There  are  two  ways  in  which  two 
singly  bound  carbon-atoms  can  be  united,  one  which  allows  free 
rotation  in  various  directions,  and  one  which  does  not.  On  vari- 
ous chemical  and  physical  grounds,  the  authors  offer  the  follow- 
ing hypothesis  on  the  constitution  of  the  carbon-atom :  The 
carbon-atom  is  surrounded  by  an  aetherial  shell  which  in  the 
case  of  an  isolated  atom,  has  a  spherical  form ;  the  atom  itself 
is  the  carrier  of  the  specific  aflSnities,  the  surface  of  the  shell  is 
the  seat  of  the  valences;  each  affinity  is  determined  by  the 
existence  of  two  opposite  electrical  poles  which  are  situated  at 
the  end-points  of  a  straight  line  small  in  comparison  with  the 
diameter  of  the  sethereal  shell.  Such  a  system  of  two  electric 
poles  is  called  a  double  or  di-pole.  The  four  valences  of  a  carbon 
atom  would  be  represented  by  four   such  di-poles,  the  middle 
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of  which  are  situated  on  the  sorface  of  the  sBthereal  shell, 
•eely  moveable  within  it.  The  di-poles  themselves  can 
freely  round  their  middle  point.  The  carbon  atom  has  a 
r  attraction  for  positive  than  for  negative  electricity  and 
)sitive  pole  of  a  valence  is  slightly  stronger  than  the  nega- 
3le.  The  following  facts,  it  will  be  observed,  become  ex- 
le  upon  the  above  hypothesis:  (I)  why  the  four  valences 
p  the  position  of  a  regular  tetrahedron ;  (2)  why  they  can 
erted  from  this  position ;  (3)  why  the  valences  of  one  and 
me  carbon-atom  cannot  combine  together,  while  the  valen- 
different  carbon-atoms  can  do  so ;  (4)  why  there  are  two 
of  .single  binding  (a)  a  stable  one  and  (6)  one  allowing  free 
)n  ;  and  (5)  why  free  rotation  ceases  in  cases  of  double  or 
binding. — Ber,  Berl,  Chem,  Ges,^  xxi,  946,  March,  1888;  J. 
.  Soc.y  liv,  649,  June,  1888.  G.  F.  b. 

^'he  Chemical  Analysis  of  Iron;  by  Andrew  Alexander 
.  282  pp.  8vo,  Philadelphia,  1888.  (J.  B.  Lippincott  Com- 
— In  this  volume  the  author  has  given  a  full  account  of 
?thods  employed  in  the  analysis  of  iron  and  steel,  iron  ores, 
limestone,  clay,  sand,  the  fuels,  furnace  gases.  It  is  ex- 
ve  in  method,  describing  the  apparatus  and  the  methbds 
king  reagents  as  well  as  the  details  of  the  quantitative 
ses  by  which  the  various  constituents  are  determined.  The 
ion  of  the  work  as  regards  printing,  cuts,  etc.,  is  unusually 
and  fully  up  to  the  excellence  of  the  subject  matter. 
interference  of  EUtitro-magnetic  Waves, — Professor  Frrz- 
D,  Vice  President  of  the  Mathematical  and  Physical  sections 
British  Association  at  the  late  meeting  at  Bath,  England, 
peaks  of  Hertz's  work.  "  There  are  some  difficulties  sur- 
ng  the  complete  interpretation  of  some  of  Hertz's  experiments, 
mditions  are  complicated,  but  I  confidently  expect  that  they 
ad  to  a  decision  on  most  of  the  outstanding  questions  on 
leory  of  electro-magnetic  action.  There  is  no  doubt  that 
3  observed  the  interference  of  electro-magnetic  waves  quite 
ous  to  those  of  light,  and  that  he  has  proved  that  electro- 
tic  actions  are  propagated  in  air  with  the  velocity  of  light, 
beautiful  device  Hertz  has  produced  rapidly  alternating 
ts  of  such  frequency  that  their  wave-length  is  only  two 
;.  These  waves  are  propagated  three  hundred  thousand 
iters  in  a  second,  lo  detect  them  he  made  use  of  the 
)le  of  resonance,  and  constructed  a  circuit  whose  period  of 
ion  for  electric  currents  was  the  same  as  that  of  his  genera- 
Ibrator,  and  he  was  able  to  see  sparks,  due  to  the  induced 
on,  leaping  across  a  small  air  space  in  this  resonant  circuit. 
I  been  able  to  observe  the  interference  between  waves  in- 
on  a  wall  and  the  reflected  waves.  His  generating  vibrator 
aced  several  wave-lengths  from  a  wall  and  the  receiving 
nt  circuit  was  placed  between  the  generator  and  the  wall, 
air  space  he  was  able  to  observe  that  at  some  points  there 
lardly  any  induced  sparks,  but  at  other  and  at  greater  dis- 
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tances  from  his  generator  they  reappeared,  to  disappear  again  in 
regular  succession  at  equal  intervals  between  his  generator  aiid 
the  wall.  It  is  exactly  the  same  phenomenon  as  what  is  known 
as  Lloyd's  bands  in  optics,  which  are  due  to  the  interference  between 
a  direct  and  a  reflected  wave.  It  follows  that  just  as  Young's  and 
Fresnel's  researches  on  the  interference  of  light  prove  the  undala- 
tory  theory  of  optics,  so  Hertz's  experiment  proves  the  ethereal 
theory  of  electro- magnetism." — Nature^  Sept.  6, 1888,  p.  446. 

J.  T. 

9.  Ultra  violet  Spectra  of  Metalloids, — M.  Deslandres  gives  a 
full  history  of  the  work  of  previous  observers  and  discusses  the 
division  of  the  spectra  into  groups,  particularly  of  the  ultra  violet 
spectrum  of  ozone,  which  he  believes  to  be  composed  of  that  of  ozone 
and  oxygen.  He  has  also  verified  the  law  that  the  band  spectra 
show  a  repetition  of  similar  bands  or  series  of  similar  lines,  and 
present  an  analogy  to  lines  of  metals  which  show  a  similar  repe- 
tition. He  indicates  a  simple  relation  between  the  spectrum  of 
the  vapor  of  water  and  that  of  oxygen,  that  is  to  say,  between 
the  spectrum  of  a  compound  and  one  of  its  components.  The  in- 
vestigation of  the  author  was  undertaken  with  apparatus  of  com- 
paratively small  dispersion.  Plates  accompany  the  article.— 
Ayinales  de  chimie  et  de  physique^  Sept.,  1888,  pp.  1-86.       J.  t. 

10.  A  Substitute  for  Bisulphide  of  Carbon  in  Optical  work.— 
H.  G.  Madan  recommends  the  use  of  phenyl thiocarbimide.  Its 
density  is  1-35,  boiling  point  222°.  Index  of  refraction  for  Band 
G  lines  1'639  and  l-7()7.  It  has  the  same  dispersive  power  as 
bisulphide  of  carbon,  and  can  be  used  in  prisms  to  more  advan- 
tage than  the  latter. —  Chent.  News,  Ivi,  p.  257-258,  1887.    J.  t. 

1 1.  Index   to    the   Literature    of  the   Spectroscope^  by  Alfred 
7\ickerman,    Ph.D.     Smithsonion    Miscellaneous    CoUectiom.^ 
This  work  contains  a  list  of  all  the  books  and  articles  upon  the 
spectroscope  and  spectrum    analysis  which  have  been  published 
up  to  July,  1887.     It  contains  a  bibliography  of  the  History;  of 
the  books;  of  the  apparatus;  of  the  analysis  in  general;  of  quali- 
tative analysis;  of  quantitative  analysis;  of  absorption  spectra; 
of  alkalies  and  alkaloids;  of  astronomical  spectroscopy  ;  of  carbon 
compounds ;  and  of  the  spectra  of  the  metals ;  together  with  a 
list  of  the  authors.     The  number  of  titles  which  the  index  contains 
is  3,820  and  the  number  of  authors  799.     These    numbers  show 
how  great  a  service  Mr.  Tuckerman  has  rendered  to  the  workers 
in    the   field  of  spectrum    analysis.      The  task  of  looking  up  a 
subject  upon  which  one  is  engaged  is  always  a  laborious  one;  es 
pecially  in  a  subject  like  spectrum  analysis  in  which  there  are  so 
many  investiixators.     Few  libraries,  nforeover,  contain  all  the  pub- 
lications   in  which  scientific  men  of  different    countries   publish 
their  results.     One  who  has  run  from  alcove  to  alcove  and  from 
library  to  library  will  take  up  this  index   with  a  sigh    of  content- 
ment and  heartily  thank  the  author. 
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11.    Geology  and  Mineralogy. 

International  Geological  Congress  cU  London, — The  trien- 
leeting  of  the  Geological  Congress  cominenced  its  Bessions 
ndon  on  the  17th  of  September,  and  was  opened  by  the 
ural  Address  of  Professor  J.  Prestwich,  President  of  the 
•ess,  reviewing  the  results  of  former  meetings,  criticising 
of  the  points  in  the  proposed  scheme  of  nomenclature,  and 
g  the  subjects  open  for  discussion.  The  meeting  passed 
ut  formal  Votes  on  the  various  questions  at  issue.  The  sub- 
ion  of  the  term  Ordovician  for  Lower  Silurian  was  con- 
d,  and  appeared  to  have  comparatively  litthi  support.  It 
pposed  strongly  by  Dr.  Archibald  Geikie,  Director  of  the 
gical  Survey  of  Great  Britain.  Several  papers  were  pre- 
l  on  the  nature  and  origin  of  crystalline  rocks,  and  abstracts 
3  papers  in  full  are  published  in  Nature  of  Sept.  20  and  27, 
>ct.  4.  The  authors  of  the  papers  are  Professor  Ph.  Lory, 
erry  Hunt  (holding  firmly  still,  September,  1688,  to  the 
lian  and  all  his  other  subdivisions).  Professor  J.  Lehman, 
ssor  K.  A.  Lossen,  Dr.  Albert  Heim,  A.  Michel-L6vy,  and 
arpinski.  The  last  four  of  these  geologists  brought  forward 
of  fossiliferous  crystalline  schists  of  different  periods.  These 
ther  papers  with  a  full  account  of  the  sessions  will  appear 
I  Report  of  the  Congress. 

ladelphia  was  selected  as  the  next  place  of  meeting,  and  a 
ittee  was  appointed  to  make  the  necessary  arrangements, 
aing  of  Messrs.  Hall,  Dana,  Newberry,  Frazer,  Gilbert, 
,  Marsh  and  Walcott. 

>m  Nature  of  Oct.  4  we  learn  that  according  to  the  report  of 
7.  Hauchecorne  on  the  map  of  Europe,  four  or  five  sheets  of 
al  Europe  will  be  ready  for  publication  during  the  next  two 
and  be  published  without  waiting  for  the  rest.  The  whole 
er  of  sheets  is  to  be  forty-nine.  The  scale  is  1  :  1,500,000. 
lerican  geologists  were  well  represented  at  the  meeting. 
»f  them  observes  that  the  Congress,  as  regards  acquaintance- 
ig,  opportunity  for  comparing  views  and  the  modes  of 
ing  problems  in  use  in  different  countries,  and  the  discussion 
le  many  problems  of  international  interest  was  a  great 
js.  But  ''  there  seemed  to  be  a  very  general  agreement  that 
can  settle  very  few  of  the  questions."  The  American  Com- 
?,  above  mentioned,  will  have  a  session  at  New  Haven  in 
mber,  during  the  meeting  at  that  place  (commencing  Nov. 
'  the  U.  S.  National  Academy. 
TTieoretische   Geologie  von  Dr.   E.  Rkyer,  a.  o.  Prof,  der 

an  der  Univ.  Wien.     868  pp.  8vo,  with  700  cuts  and  three 
Stuttgart,  1888  (E.  Koch).— The  work  of  Dr.  Reyer  is 

on  the  recent  as  well  as  older  results  of  investigations,  and 
jss  those  of  America  than  of  Europe ;  and  largely  upon 
tvn  investigations.  The  subjects  discussed  include  volcanic 
I  and  its  various  results ;  intrusive  sources,  conditions,  and 
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consequences  ;  the  various  "facies"  of  sediments  and  sedimenta- 
tion over  the  globe ;  deformation  through  pressure  and  other 
means,  and  the  attendant  fracturing,  flexing,  compression,  fault- 
ing;  metamorphism  of  different  sources;  foliation;  and  other 
topics  in  dynamical  geology.  The  views  of  the  work  are  those 
of  an  independent  thinker,  whose  geological  excursions  have  had 
a  wide  range,  western  North  America  being  included.  They 
are  fairly  presented,  With  a  recognition  of  the  labors  of  others, 
and  merit  full  consideration,  if  sometimes  questioned.  The  work 
is  well  adapted  for  the  student  by  its  clear  style  and  very  namer- 
ons  illustrations. 

3.  Lea  Formes  du  Terrain^  par  G.  de  la  Nobs,  Lieut.-CoL  do 
Genie  au  Service  Gc'ographique,  avec  la  Collaboration  de  Ehm. 
de  Margerie.  Paris,  1888.  Service  G6ographique  de  rArmee. 
206  pp.  4to,  with  48  plates. — ^The  subject  of  this  work  is  essen- 
tially topography  as  determined  by  the  action  of  running  waters, 
aided  by  disaggregating  atmospheric  agencies,  on  rocks,  differing 
in  kind  and  firmness,  in  all  their  various  forms  and  positioD8, 
horizontal,  tilted  or  oblique,  flexed,  etc.  The  topics  are  treated 
in  a  systematic  way,  with  great  fullness  of  detail,  making  the 
volume  a  comprehensive  review  of  the  methods  and  results  of 
denudation.  They  are  further  illustrated  by  sketches  and  sec- 
tions on  the  many  plates.  Part  of  the  facts  and  illustrations  as 
well  as  some  important  principles  are  taken  from  authors  on 
Rocky  Mountain  topography,  especially  Powell  and  Gilbert.  The 
volume  is  a  valuable  contribution  to  the  science  of  geology  as 
well  as  that  of  physical  geography. 

4.  The  Structure  mid  Classification  of  the  Mesozoic  Mam- 
nialia  ;  by  H.  F.  Osbokn,  Prof.  Com  p.  Anat.  Princeton  College. 
July,  1888  (Journal  Acad.  N.  Sci.  Philad.,  vol.  ix,  no.  2). — Prof. 
Osborn  here  <j:ives  a  very  valuable  review  of  the  characters  and 
relations  of  the  Mesozoic  mammals  of  America,  Great  Britain  and 
other  countries,  with  figures  illustrating  the  subject  and  new  facts 
and  figures  relating  to  the  American  species.  The  animals  were 
all  small,  the  length  of  jaw  varying  from  half  an  inch  to  an  inch 
and  a  half.  Prof.  Osborn  sustains  the  view  that  they  are  not  •^\\ 
marsupial,  but  that  placental  mammals  are  included,  probably 
the  Iiiscctivora  or  tlieir  predecessors,  and  that  marsupial  and 
placental  mammals  have  not  successional  but  parallel  genetic 
relations. 

5.  Eozoon  Canadense. — Dr.  Dawson,  in  a  paper  on  "  Speci- 
mens of  Eozoon  Canadense "  in  the  Museum  of  McGill  Uni- 
versity, Montreal,  recently  published  by  the  Museum,  besides 
describing  specimens,  reviews  anew  the  Eozoon  question.  After 
mentioning  on  page  50,  his  own  paper  in  this  Journal  criticizing 
Professor  Mobius's  memoir  on  the  subject,  he  observes  that  "the 
editor  of  the  American  Journal  of  Science  gave  Professor  M.  an 
opportunity  to  reply,  but  stated  tliat  he  had  pledged  himself 
[promised  Professor  Mobius,  on  condition  of  his  writing  out  his 
views  for  the  Journal]  that  no  rejoinder  would  be  permitted — a 
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miewbat  unfair  decision  where  the  case  was  one  of  unprovoked 
tack,  and  this  based  on  material  published  by  Dr.  Carpenter 
id  myself."  By  referring  to  Dr.  Dawson's  article  in  this  Jour- 
il  for  1879  (vol.  xvii)  the  reader  will  be  able  to  judge  whether 
rofessor  Mobiiis'-s  article  six  months  later  (vol.  xviii)  was  an 
nprovoked  "  attack  "  or  not.  It  appears  to  us  that  the  "  attack  " 
as  first  made  by  Dr.  Dawson,  if  there  was  any  "attack"  in  the 
iscussion.  But  we  did  not  regard  either  paper  as  an  "  attack," 
T  each  was  courteous  though  earnest.  We  hold  that  an  honest, 
)urteous  criticism  is  not  an  attack.  It  is  bad  for  science  that 
ivestigators  should  ever  thus  regard  it ;  for  in  that  case  criti- 
sm  pretty  surely  degenerates  into  attacks  which  treat  oppo- 
3nts  as  "  adversaries." 

5.  Nya  anmdrkningar  om  William807iia  af  A.  G,  Nathorst — 
)fversigt  af  Kongl.  Vetenskaps- Akademiens  Forhandlingar, 
une,  1888.  No.  6.) — The  discovery  described  in  this  preliminary 
3te  in  Swedish  is  of  the  highest  interest  to  geologists  and 
^leontologists.  It  is  nothing  less  than  that  the  author  has  found 
le  peculiar  inflorescence  known  as  WiUiamsonia  anguatifo- 
a  Nath.  attached  to  the  stems  and  foliage  of  Anomozamites 
\inor  (Brongn.)  Nath.,  so  as  not  only  to  show  that  the  genus 
WiUiamsonia  belongs  to  the  Cycadaceae,  as  long  ago  conjectured 
y  Williamson,  but  also  to  indicate  in  what  manner  these  flowers 
ere  developed  in  the  forks  of  the  sympodial  stems  of  those 
jTcadean  plants.  A  figure  is  given  showing  all  this,  which,  how- 
irer,  is  admitted  to  be  largely  a  restoration,  and  leaves  many 
lings  to  be  explained  in  the  forthcoming  memoir  which  is 
romised.  l.  f.  w. 

6.  Riebeckite^  a  new  mineral. — Dr.  A.  Sauer  has  described 
nder  this  name  what  he  regards  as  a  new  member  of  the 
mphibole  family  corresponding  to  segirite  among  the  pyroxenes, 
i  occurs  in  the  granite  of  the  island  of  Socotra,  where  it  was 
>llected  by  Dr.  E.  Riebeck.  It  appears  in  slender  prismatic  crys- 
ils,  black  in  color,  and  showing  the  characteristic  cleavage  of 
mphibole.  An  analysis,  after  the  deduction  of  7*12  per  cent 
rcon,  yielded  : 

SiOa       FeaOs       FeO        MnO        CaO        MgO       Na^O        KjO 
5001         28-30        9-87         0-63         132  034  879  0*72=r99-98 

It  thus  in  composition  corresponds  closely  to  SBgirite  and  diff'ers 
•om  the  arfvedsonite  analyzed  by  Lorenzen  chiefly  in  the  state 
f  oxidation  of  the  iron ;  he  found  in  the  Greenland  mineral  3*80 
.  c.  Fe,0,  and  33*43  p.  c.  FeO.  The  doubt  existing  as  to  the 
•ue  composition  of  arfvedsonite,  however,  prevents  a  definite 
3nclusion  as  to  the  relations  of  the  new  mineral  to  it. — Zkitschr. 
}eol.  Ges,y  xl,  138,  1888. 

7.  Mdzapiiite,  a  new  mineral. — Dr.  G.  A.  Konig  announces  a 
ew  mineral  from  Zacatecas,  mining  district  of  Mazapil,  Mexico. 
t;  occurs  in  deep  red  to  black  crystals,  believed  to  be  ortho- 
lombic.  The  hardness  is  nearly  7,  the  specific  gravity  3'567. 
'reliminary  trials  have  led  to  the  conclusion  that  in  composition 
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it  is  an  arsenite  of  calcium  and  iron. — Proc.  Acad,  Nat,  Sci 
Fhilad,,  July  3,  1888. 

8.  The  Miner  ah  of  New  York  County  y  incbiding  a  list  com- 
plete to  date;  by  B.  B.  Chamberlin. — This  little  pamphlet,  by 
the  late  Mr.  Chamberlin,  is  a  valuable  contribution  to  the  local 
mineralogy  of  New  York,  a  subject  to  which  the  -author  had 
given  much  attention. 

III.    Botany  and  Zoology. 

1.  Dr.  Skrkxo  Watson's  Contributions  to  American  Botany. 
— The  last  two  numbers  of  this  important  series  have  not  yet 
been  noticed  in  this  Journal.  For  reference  the  titles  are  here 
given.  No.  14  contains: — List  of  plants  collected  hy  Dr.  Edicard 
Palmer  in  the  State  of  Jalisco^  Mexico^  in  1886.  In  this  list  the 
GamopctalsB  were  determined  by  Professor  Gray,  the  Juncaces 
and  Cyperaceae  by  Dr.  N.  L.  Brit  ton,  the  GramineaB  by  Dr. 
Vasey,  and  the  ferns  by  Professor  Eaton.  Proceedings  of  the 
American  Academy  of  Arts  and  Sciences,  vol.  xxii,  pp.  396-485. 
Also  in  the  same  volume,  pp.  466-489 :  a  second  paper,  entitled, 
Neto  Species,  These  species  are  about  40  in  number. — No.  15, 
same  Proceedings,  vol.  xxiii,  contains  [1]  Some  ?ieic  species  of 
plants  of  the  U.  S,  with  revisions  of  Lesquerella  (  Vesicaria)^  and 
of  the  North  American  species  of  Draba^  pp.  249-267.  [2]  Som€ 
new  species  of  Mexican  plants  chiefly  of  Mr.  C,  H,  PringU*s  col- 
lection in  the  Moimtains  of  Chihuahua^  in  1887,  pp.  276-283. 
[3]  Description  of  some  plants  of  Guateinala^  pp.  283-287. 

G.  L.  G. 

2.  Flora  of  Middlesex  County^  Mass.;  by  L.  L.  Dame  and  F. 
S.  Collins,  Maiden,  Middlesex  Institute,  1888,  pp.  201,  with  map. 
— The  authors  of  this  work  have  spared  no  pains  to  ensure  a  good 
degree  of  accuracy  and  completeness.  In  the  first  place,  they  are 
themselves  botanists  of  experience  and  have  personally  exaraine<l 
with  great  care  some  of  the  most  interesting  portions  of  the  dis- 
trict. And,  second,  they  have  availed  themselves  of  the  assist- 
ance of  a  goodly  number  of  local  collectors,  while  all  important 
doubtful  determinations  have  been  submitted  to  special  authori- 
ties. Thus,  doubtful  Compositie  were  examined  by  the  late  Pro- 
fessor Gray,  Mr.  Bebb  aided  in  determining  the  willow^,  and  Drs. 
Watson  and  Farlow  assisted  at  many  points  by  the  collections  in 
their  charge. 

The  county  is  irrecrular  in  outline  and  consi<lerablv  diversified 
in  surface.  Its  highest  land,  Mt.  Watatic,  in  the  western  part, 
is  somewhat  less  than  2000  feet  above  the  level  of  the  sea,  sea- 
level  being  reached  at  the  eastern  limit.  The  county  is  ahund- 
antly  watered,  and  would  seem  from  the  map  which  is  crowded 
with  lakes,  ponds,  and  rivers,  to  promise  a  rich  vegetation,  but 
the  soil  consists  chiefly  of  the  usual  deposits  and  admixtures  of 
gravel,  sand,  and  clay,  with  which  residents  of  eastern  Massachu- 
setts are  only  too  familiar.     Hence  there  are  here  lacking  many 
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of  ttie  New  England  species  which  give  so  great  a  charm  to  conn- 
ties  in  the  Connecticut  Valley.  The  richer  soil  and  longer  sea- 
sons of  districts  only  a  trifle  farther  west,  make  a  noticeable 
difierence  in  the  vegetation. 

A  trustworthy  list  like  the  Amherst  or  the  Middlesex  catalogue 
is  of  value  to  Botany,  not  only  by  furnishing  to  the  geographical 
botanist  the  data  which  he  requires  for  his  investigations,  but 
also  by  placing  before  local  botanists  a  definite  task,  that  of  add- 
ing to  the  list.  The  desire  to  add  to  a  carefully  prepared  list 
of  new  plants,  is  neither  a  slight  nor  an  unworthy  stimulus. 
Middlesex  County  presents  a  peculiarity  which  rather  embar- 
rasses local  collectors  and  hence  has  been  very  properly  noticed 
by  the  authors  of  the  catalogue.  It  contains  not  only  more  than 
its  fair  share  of  waifs  and  strays,  but  it  has  within  its  limits  a 
good  many  European  and  Western  plants  which  have  been  set 
out  in  favorable  localities  in  the  woods  and  swamps.  A  former 
gardener  at  the  Cambridge  Botanic  Garden  is  responsible  for 
numerous  cases  of  this  kind,  but  the  most  startling  surprises  are 
henceforth  in  store  for  those  who  herborise  in  Concord.  There 
the  collector  is  likely  to  come  upon  the  most  unexpected  species 

f  rowing  thriftily.     Such  are  the  plants  introduced  into  that  town 
y  one  of  its  citizens. 

The  catalogue  is  accompanied  by  a  map  which  presents,  by 
means  of  a  novel  method  of  indicating  physical  features,  a  large 
amount  of  information  within  narrow  limits.  It  is  to  be  regretted 
however  that  the  map  was  not  made  on  a  larger  scale,  and  the 
book  itself  of  pocket-size. 

The  authors  are  to  be  congratulated  heartily  on  the  successful 
completion  of  a  task  which  has  placed  the  students  of  botany 
within  the  county  under  obligations  to  extend  the  list.    g.  l.  g. 

3.  A  Catalogue  of  Plants  growing  without  cultivation  in  the 
County  of  Nantucket^  Masa,^.  by  Maria  L.  Owen,  Northamp- 
ton, Mass.,  1888,  p.  xi,  87.— The  physiographical  sketch  given  in 
the  introduction  to  this  modest  catalogue  shows  clearly  why  the 
vegetation  of  the  island  may  well  be  full  of  interest.  "  Nan- 
tucket, as  regards  its  flora,  seems  like  a  piece  of  New  Jersey 
moved  up  the  coast  for  the  convenience  of  northern  amateurs  in 
botany,  who  cannot  get  away  from  business  long  enough  to  go 
collecting  in  that  State."  Further,  we  are  told  that  '*  Jasmine  in 
the  gardens  is,  in  ordinary  seasons,  in  flower  from  November  to 
February."  ..."  The  ivy  (Hedera  Helix,)  flourishes  in  the  open 
air  without  protection  seemingly  as  well  as  in  England,  and  no 
limit  has  been  found  to  its  upward  growth,  except  the  top  bricks 
of  the  chimneys  to  which  it  climbs." 

A  climate  of  such  mildness  favors  a  varied  vegetation.  But 
almost  every  other  condition  is  adverse.  Therefore  one  is  not 
wholly  surprised  to  learn  from  Mrs.  Owen's  catalogue,  that  there 
are  less  than  500  native  species  to  be  credited  at  the  present  time 
to  this  area  of  about  fifty  square  miles. 

The  author  states  that  there  are  more  than  100  introduced 
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species.  Among  the  more  interesting  of  the  plants  in  Mrs.  Owen's 
list  are  the  following,  which  occur  very  sparingly,  viz:  Calluna 
vulgaris.  Erica  cinerea,  and  Erica  tetralix.  The  latter  grows 
among  imported  pines ;  but,  of  the  other  heaths,  the  aathor  says, 
"  there  is  nothing  in  the  surroundings,  the  usual  and  characteris- 
tic vegetation  of  that  part  of  the  island,  to  indicate  accidental 
introduction."  But  there  can  be,  we  think,  no  reasonable  doubt 
that  these  heaths  are  not' native.  Under  certain  circumstances 
heaths,  especially  Calluna^  can  in  a  short  time,  make  themselves 
much  at  home  in  the  New  England  States.  With  the  sterile  soil 
and  humid  air  of  the  island,  it  would  seem  as  if  they  could  estab- 
lish themselves  very  firmly.  But  as  it  is,  they  have  there  only  a 
precarious  foothold,  and  require  that  heed  should  be  paid  to  tbe 
pathetic  appeal  which  Mrs.  Owen  makes  in  their  behalf.  Botan- 
ists who  go  in  search  of  the  island  rarities  which  Mrs.  Owen  enum- 
erates, should  aid  in  defending  them  from  the  extinction  which 
now  threatens.  g.  l.  g. 

4.  Catalogue  of  the  Flora  of  Vermont;  by  Gsorge  H.  Per- 
kins, Ph.D.,  Professor  of  Natural  History  in  the  University  of 
Vermont  (from  the  Tenth  Report  of  State  Board  of  Agriculture), 
pp.  74.  Burlington,  IftSS. — This  list  is  designed  to  replace  an 
earlier  one  by  the  same  author,  published  in  1882.  It  has  been 
prepared  with  great  care  and  is  a  valuable  addition  to  our  cata- 
logues of  American  plants.  Certain  parts  of  Vermont  have  long 
been  famous  as  botanical  collecting  ground,  especially  Willoughby 
and  Smuggler's  Notch.  Professor  Perkins  says  rightly,  that 
other  portions  still  wait  for  the  botanist  who  shall  thoroughly 
ex|)lore  them.  The  remarks  in  the  introduction  to  the  list  deal 
to  some  extent  with  the  rapid  changes  which  are  now  going  on 
in  the  vegetation  of  the  State,  and  the  picture  which  the  author 
draws  of  the  etfccts  of  "  improvements  "  is  discouraging.  The 
introduction  of  western  and  other  plants  in  grass  seed  is  said  to 
have  changed  the  aspect  of  many  acres  of  meadow-land.  "Rml- 
bcckias  and  Hieraeiums  have  not  only  appeared,  but  so  increased 
as  when  in  bloom  to  change  the  appearance  of  the  fields  in  which 
they  have  become  located."  a.  l,  g. 

5.  Plants  of  Rhode  Island ;  by  J.  H.  Bennett,  Providence, 
1888,  pp.  128.— Mr.  Olney's  Catalogue  of  Rhode  Island  Phint> 
was  ])ublished  more  than  forty  years  ago,  and  it  appeared  to  the 
members  of  the  Franklin  Society  high  time  to  revise  the  list. 
The  present  catalogue  is  said  by  its  author  to  contain  three  times 
as  many  species  as  the  first  enumeration,  and  yet  contains,  *'  it  i?* 
believed,  but  little  more  tlian  the  half  of  those  species  which  grow 
without  cultivation  within  our  borders."  The  latter  remark  must 
be  taken  to  apply  to  the  Cryptogamous  species,  which  occupy 
rather  more  than  half  the  whole  number  of  pages  of  the  list,  aud 
fifty-seven  per  cent  of  the  total  number  of  species  enumerated. 
Mr.  Bennett  has  been  fortunate  in  securing  the  services  of  many 
collaborators,  who  have  aided  in  making  the  list  of  Cryptogams 
considerably  fuller  than  that  given  in  any  of  the  local  catalogaes 
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lich  have  recently  come  to  hand.     It  is  to  be  regretted  that  the 

alities  and  the  comparative  frequency  of  occurrence   are  not 

ren  for  the  flowering  plants  and  the  fungi,  with  the  same  degree 

fullness  which  we  notice  in  the  case  of  the  lichens  and  the  algae. 

G.  L.  6. 

3.  Catalogue  of  the  Flowering  and  Fern-like  Plants  growing 
t/iout  cultivation  in  the  vicinity  of  the  Falls  of  N'iagara;  by 
iViD  F.  Day,  Troy,  1888,  pp.  67. — This  list  was  prepared  at 
J  request  of  the  Commissioners  of  the  State  Reservation  at 
agara.  It  contains  besides  the  species  discovered  the  names  of 
ne  plants  which  **  may  be  expected  to  occur  at  the  Falls,"  and 
the  latter  appear  in  the  enumeration  of  the  plants  actually 
jurring,  they  are  liable  to  introduce  an  element  of  error  into 
nparisons  of  the  numbers  of  species  found  within  the  limits  of 
3  reservation  with  those  given  in  other  cat^alogues  of  plants  of 
e  restricted  areas.  The  introduction  gives  a  short  but  interest- 
r  account  of  early  botanical  exploration  near  Niagara,  g.  l.  g. 
7.  Journal  of  morphology, — -The  second  volume  of  this  excel- 
it  Journal  was  issued  in  August  last.  Its  176  pages  are  occu- 
?d  by  elaborate  papers  on  the  Structure  of  the  gustatory  or- 
ns  of  the  Bat,  by  F»  Tuckerman  ;  on  the  tritubercular  molar  in 
man  dentition,  by  E.  D.  Cope ;  on  the  seat  of  formative  and 
generative  energy,  by  C.  O.  Whitman;  the  internal  structure  of 

2  Amphibian  brain,  by  Professor  H.  F.  Osborn ;  and  studies  on 

3  eye  of  Arthropods,  by  Wm.  Patten.     Mr.  Whitraann  closes 
»  paper  with  the  following  paragraphs,  pp.  48  and  49. 

"  The  action  of  the  formative  power  has  often  been  likened  to  the 
3hitectural  power  displayed  in  crystallization;  and  if  the  essen- 
.1  distinctions  are  kept  in  view,  such  a  comparison  is  justified  by 
e  or  two  very  instructive  analogies.  If  the  physicist  is  not 
mpelled  to  recognize  a  special  crystallizing  force,  he  is  at  least 
able  to  deny  that  a  crystalline  aggregate  reacts  upon  the  parts 
such  a  manner  as  to  determine  the  directiofi  of  that  marvellous 
instructive  power'  with  which  the  molecules  are  endowed, 
hen  we  see  a  crystal  reproduce  its  lost  apex ;  or,  as  in  the  oft- 
ed  experiment  of  Lavalle,  an  angle  of  an  octahedral  crystal 
ontaceously  replaced  by  a  surface,  as  the  result  of  an  artificially 
oduced  surface  at  the  corresponding  angle,  we  have  no  alterna- 
te but  to  infer  a  physical  correlation  of  parts,  under  the  influ- 
ce  of  which  the  direction  of  forces  is  determined.  So  in  the 
velopment  of  a  germ,  in  the  repair  of  injured  parts,  and  in  the 
l^eneration  of  lost  parts,  the  fact  is  irresistibly  forced  upon  us, 
at  the  organ is/n  as  a  whole  controls  the  formative  processes 
ing  on  in  each  part.  The  formative  power  then  belongs  only 
the  organism  as  a  physiological  whole;  and  it  does  not  repre- 
nt  a  sum  or  aggregate  of  atomic,  molecular,  or  other  forces,  but 
suits  from  special  combinations  of  ultra-molecular  units,  and  dis- 
pears  as  such  the  moment  the  physiological  connexus  is  de- 
coyed. 
''  The  idea  may  appear,  at  first  sight,  to  stand  in  contradiction 
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with  the  fact  that  parts  of  an  organism,  resulting  from  spoDta- 
neous  or  artificial  division,  possess  the  same  formative  power  as 
did  the  undivided  organism.  But  it  must  be  remembered  that 
most  organisms  do  not  admit  of  such  division,  and  that  in  those 
that  do  admit  of  it,  everything  depends  on  how  the  division  is 
made.  The  extra-capsular  portion  of  a  Radiolarian  does  not  re- 
produce the  central  capsule,  nor  does  the  non-nucleated  fragment 
of  an  inf usorian  regain  its  lost  parts.  Even  here,  then,  it  is  not 
permissible  to  disregard  the  pnysiological  correlation  of  parts, 
since  both  nuclear  and  cyptoplasmic  elements  are  indispensable  to 
the  preservation  of  the  formative  power.  We  still  have  to  regard 
such  orgafiisms  as  physiological  wholes,  although  the  physioTogi- 
cal  con  nexus  may  be  representable  in  aliquot  parts. 

"The  principle  holds  true  of  every  organism,  irrespective  of 
whether  the  mass  is  divided  into  cells  or  not.  The  fact  thit 
physiological  unity  is  not  broken  by  cell-boundaries  is  confirmed 
m  so  many  ways  that  it  must  be  accepted  as  one  of  the  funda- 
mental truths  of  biology." 


IV.  Miscellaneous  Scientific  Intelligence. 

1.  Meeting  of  the  British  Association  at  Bath  in  1888.— The 
meeting  of  the  British  Association  opened  on  the  5th  of  Septem- 
ber, with  the  inaugural  address  of  the  President,  Sir  Frederick 
Bramwell.  There  were  Addresses  before  the  several  sections  on 
the  following  day  by  the  Presidents  of  the  sections.  Prof.  W. 
Boyd  Dawkins,  of  the  Geological  section,  Wm.  A.  Tilden,  of  the 
Cliemical,  W.  T.  Thiselton  Dyer,  of  the  Biological,  Col.  C.  W. 
Wilson,  of  the  Geographical,  W.  H.  Preece,  of  the  section  of 
Mechanical  Science,  and  Lieut.  Gen.  Pitt  Rivers,  of  that  of 
Anthropology.  Probably  no  geological  paper  excited  greater 
interest  than  that  of  Mr.  0.  I).  Walcott,  of  the  United  States 
Geological  Survey,  on  the  remarkable  collection  of  fossils  he  had 
made  duritig  the  summer  from  the  Cambrian  beds  of  south- 
eastern Newfoundland,  leading  to  a  change  in  the  order  of  suc- 
cession of  tlie  American  Cambrian  fauna,  putting  the  Olenellns 
zone  at  the  bottom.  A  future  number  of  this  Journal  will  contain 
an  account  of  his  important  results. 

The  addresses  above  mentioned  and  abstracts  of  some  of  the 
papers  presented  will  be  found  in  the  numbers  of  Nature  for  the 
months  of  September  and  October. 

OBITUARY. 

Mr.  Benjamin  B.  Chamberlin,  the  author  of  a  pamphlet 
recently  published  on  the  Minerals  of  New  York  County,  died 
suddenly  on  the  13th  of  October,  at  the  age  of  fifty-seven. 
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Abt.  Xn. —  The  Invisible  Sola/r  and  Lunar  Sped/rum  ;*  by 

S.  P.  Langley.     With  Plates  IX,  X. 

The  following  investigation  has  been  made  from  stndies  at 
the  Allegheny  Observatory,  but  it  is  proper  to  state  that  the 
provision  of  the  very  special  apparatus  used,  is  due  to  the  lib- 
erality of  a  citizen  of  Pittsburgh,  who  has  desired  that  his  name 
should  not  be  mentioned. 

This  paper  is  an  abstract  of  a  forthcoming  memoir,  which 
will  eventually  appear  in  the  fourth  volume  of  the  publications 
of  the  United  States  Academy  of  Sciences,  to  which  the  reader 
is  referred  for  fuller  details. 

Ever  since  the  writer  first  \  investigated  the  infra-red  of  the 
solar  spectrum  to  the  extent  of  about  three  microns,  he  has  as- 
sumed, from  all  analogy,  the  probable  existence  of  solar  heat  of 
still  greater  wave-lengths,  which,  however,  he  has  not  till  lately 
been  able  to  experimentally  demonstrate,  so  that  there  has  been 
a  doubt  whether  such  waves  were  emitted  by  the  sun  after  ab- 
sorption by  its  own  atmosphere,  or  whether  they  existed  pre- 

*  As  the  writer  has  already  presented  to  the  National  Academy  a  memoir  (read 
October  17,  1884,  Memoirs  Nat.  Acad,  of  Sci.,  vol.  iii,)  on  the  heat  of  the  moon,  in 
which  he  spoke  of  investigations  still  in  progress  on  it,  it  should  be  said  that 
these  are  not  yet  published,  and  that  they  are  only  given  here  so  far  as  is  neces- 
sary in  explanation  of  certain  anomalies  in  the  mfra-red  solar  heat-spectrum, 
which  forms  the  principal  subject  of  the  present  paper. 

f  Gomptes  ELendus  de  I'lnstitut  de  France,  September  11,  1882.  Amer.  Jour. 
Soienee,  Mftrch,  1883. 

Am.  Jous.  Scl— Third  Sbribs,  Vol.  XXXYI,  No.  216.— Deo.,  1888. 
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viously  to.  absorption  by  the  earth's  atmosphere,  and,  owing  to 
the  action  of  the  latter,  never  reached  ns.     Below  the  point 

2^'8,  to  which  the  maps  published  in  1882  and  1883  extended, 
it  was  stated,  however,  at  that  time,  that  there  had  apparently 
been  detected  feeble,  or  more  properly  speaking,  dubioofi, 
indications  of  solar  energy.  This  doubt  arose  partly  from 
this  extreme  feebleness  here  of  the  heat  itself,  partly  from 
lack  of  the  usual  experimental  means,  since  the  glass  of  onr 
prisms  (which,  as  we  had  discovered,  transmitted  the  greater 
part  of  all  the  sun's  invisibjie  heat  then  known)  absorb^  tliis, 
while  no  maker  could  then  supply  its  place  with  suitable  rock 
salt ;  and,  most  of  all,  from  a  difficulty  of  a  less  familiar  kind, 
but  which  should  from  its  importance  be  clearly  apprehended 
by  the  reader.  This  is,  that  even  if  we  could  recognize  that 
some  feeble  invisible  heat  existed,  there  were  then  no  means  of 
determining  that  it  really  belonged  to  the  part  of  the  spectrum 
where  it  was  found,  and  was  not  intruded  invisible  heat  of  a 
more  refrangible  kind,  diffused  from  its  proper  place  in  the 
upper  spectrum  by  the  inevitable  defects  in  the  action  of  spec- 
troscopic apparatus. 

In  1884  and  1885,  while  investigating  the  invisible  spectrnm 
of  the  sunlit  side  of  the  moon,  we  first  found  evidence  of  heat 
in  this  region  from  any  extra-terrestrial  source — heat  whose 
enormous  wave-length  was  comparable  to  that  chiefly  radiated 
from  ice,  which  was  also  experimented  on.  Thi<*  was  so  far 
distinct  from  the  reflected  solar  heat  of  greater  refrangibility, 
which  occupied  its  own  part  of  the  spectrum,  that  our  experi- 
ments indicated  that  this  lunar  heat  was  mainly  not  reflected, 
but  radiated  from  a  surface  at  a  low  temperature.  But  the 
chief  anomaly  was  that  while  we  had  thus  definitely  recognized 
this  kind  of  heat  in  the  extremely  feeble  heat-spectrum  of  the 
moon,  we  had  not  yet  done  so  in  the  far  stronger  solar  one,  or, 
as  I  observed  at  the  time,  that  '*  we  here  se^m  to  have  heat 
from  the  moon  of  lower  wave  length  than  from  the  sun." 

I  do  not  state  (it  must  be  observed)  that  the  sun's  heat  here 
is  less  than  the  moon's,  but  that  what  there  is  is  harder  to 
recognize.  It  is  not  easy  to  give  an  adequate  idea  of  the  diflS- 
culties  of  observation  which  lead  to  this  apparently  paradoxical 
result,  particularly  as  physicists  are  so  far  from  having  yet  in- 
vestigated this  region  that  even  the  barriers  which  have  closed 
it  to  research  are  themselves  of  an  unfamiliar  kind.  I  can  per- 
haps best  illustrate  it  by  analogy.  Every  spectroscopist  knowB 
how  very  hard  it  is  to  view  the  lines  below  A,  and  that  even  A 
itself,  though  very  large,  is  not  an  easy  object  to  see  without 
special  precautions.  This  arises  not  so  much  from  the  fact  that 
tne  very  deep  red  light  here,  like  that  of  dull  glowing  iron, 
feebly  effects  the  eye,  but,  in  a  still  greater  degree,  becanae 
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fellow  and  orange  light  exists  in  relatively  enormons  quantity 
in  the  neighboraig  parts  of  the  visible  spectrum,  and  irreg- 
nlarly  diffused  and  reflected  portions  of  this  light  re-appear 
where  they  do  not  belong  and  overpower  the  radiation  legiti- 
mately there.  Still,  we  can  put  a  colored  glass  before  the  slit 
Bind  cut  off  the  intruding  light  in  a  great  measure,  and  we  can 
see  the  extraneous  light  which  comes  in,  and  allow  in  some  de- 
n*ee  for  its  effects ;  but  here,  in  the  actual  case  of  the  unseen 
neat  in  the  far  more  remote  spectral  region  we  are  about  to  de- 
scribe, all  radiations,  both  the  feeble  ones  we  would  study  and 
the  intruders  on  them  which  we  would  avoid,  are  alike  invisible, 
Emd  we  are,  of  course,  unable  in  any  case  to  use  glass,  since  this 
is  opaque  to  all  the  rays  now  in  question.  If  any  one  familiar 
with  the  visible  spectrum  will  imagine  himself  as  trying  to  dis- 
criminate with  his  eyes  shut  between  these  different  compo- 
nents of  the  apparent  radiation  just  below  Fraunhofer's  A,  and 
endeavoring  while  blindfold  to  say  how  much  of  it  legitimately 
belongs  there  and  how  much  does  not,  he  will  have  a  better 
conception  of  the  difficulties  peculiar  to  our  actual  field  of  re- 
search, though  still  an  inadequate  one,  since  the  total  heat 
radiation  here  is  at  best  less  than  the  hundredth  part  of  that  in 
the  vicinity  of  the  A  line,  which  we  have  used  in  illustration. 
For  the  clearer  understanding  of  this,  I  must,  in  anticipation 
of  what  follows,  remark  that  while  in  the  solar  spectrum  the 
maximum  heat,  as  we  all  know,  appears  not  very  far  from  the 
red,  so  that  the  heat  corresponding  in  a  general  sense  to  the  short 
waves  is  great,  and  to  the  still  longer  ones  small,  in  the  lun  ar 
invisible  spectrum  the  reverse  is  the  case;  for  here,  speaking 
generally,  the  solar  reflected  heat  found  in  the  upper  part  of 
the  lunar  spectrum  is  less  than  the  heat  apparently  radiated 
from  the  moon's  own  soil,  which  is  of  great  wave-length,  and 
which  we  have  found  in  the  extreme  region  of  the  spectrum 
we  are  now  studying.  In  other  words,  the  typical  solar  spec- 
trum heat  is  greatest  in  the  relatively  short  wave-length ;  the 
typical  lunar  spectrum  heat  is  gi'eatest  in  the  long  wave-lengths. 
The  explanation  of  the  curious  fact  that  this  particular  quality 
of  heat  may  be  more  easily  recognized  where  it  exists  in  a  less 
degree  in  a  lunar  spectrum  than  where  it  is  found  in  a  I'elatively 
great  degree  as  in  the  solar,  will  be  still  clearer  if  we  consent 
(in  continuance  of  the  illustration)  to  further  compare  this 
lunar  invisible  radiation  of  great  wave  length  to  the  deep- 
red  light  from  a  piece  of  scarcely  luminous  hot  iron.  This 
peculiarly  deep  red  is  seen  with  little  difficulty  in  the  iron 
in  a  dark  room,  but  never  in  daylight ;  yet  it  is  of  a  quality 
which  we  know  from  theory  must  exist  in  far  greater 
decree  in  the  daylight  itself ;  nor  do  we,  even  when  we  would 
isdate  it  in  a  certain  part  of  the  solar  spectrum,  see  it  therOi 
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because  it  is  dow  obBCored  by  the  inevitable  difiasion  or  reflec- 
tion of  part  of  the  neighboring  brilliant  light  which  the  prism 
ought  to  keep  wholly  away,  but  (owing  to  inevitable  instru- 
mental defects)  does  not  The  dull  gfowing  iron  carries  no 
white  liffht  along  with  it,  and  therefore  its  feeble  peculiarly 
deep  redis  easier  seen  than  the  far  stronger  corresponding  red 
in  the  solar  spectrum. 

By  the  aid  of  this  analogy  in  the  case  of  light,  and  passui^ 
now  to  the  actual  case  of  wholly  invisible  radiation,  I  hope  it 
may  be  clear  how  the  feebler  heat  in  the  lunar  extreme  infra- 
red spectrum  was  at  first  recognized  more  easily  than  the 
stronger  corresponding  heat  in  that  of  the  sun. 

It  may  be  asKed  why  (if  we  cannot  cut  oflE  the  diffused  heat 
in  the  solar  infra-red  spectrum  by  the  use  of  an  absorbing  glass) 
we  cannot  put  a  prism  in  front  of  the  slit  after  the  plaji  of 
Helmboltz.  This  is  practically  impossible  here  (owing  to  in- 
strumental conditions  which  we  need  not  now  explain),  unless 
we  find  some  way  of  keeping  the  axis  of  the  spectro-bolometer 
either  motionless  or  always  parallel  to  itself,  in  spite  of  the 
varying  direction  of  the  rays  from  such  a  prism,  and  of  auto- 
maticaUy  limiting  the  kind  of  radiation  to  be  observed  in  any 

?art  of  the  spectrum,  to  that  legitimately  belonging  there. 
*h6  following  arrangement  was,  after  various  trials,  adopted 
with  success.  Its  immediate  purpose  is  to  overcome  the  diffi- 
culty which  we  have  just  explained  at  such  length ;  that  is,  to 
sift  out  the  extraneous  heat  which  remains  after  the  ordinary 
action  of  the  prism,  but  it  can  of  course  be  used  for  light  also. 

Description  of  Sifting  IVain,     (See  fig.  1.) 

Let  N  S  be  a  massive  beam,  resting^  on  two  piers,  and  immov- 
ably fixed  in  the  meridian.  Let  A  R  be  a  second  beam,  mova- 
ble on  a  turn-table,  placed  centrally  beneath  N  S.  Tempora- 
rily mounted  on  A  R,  and  moving  about  with  it,  is  the  large 
spectro-bolometer  described  in  a  previous  memoir.  The  center 
of  its  graduated  circle  (C)  lies  under  the  point  P.  Its  two  long 
arms  are  not  free  to  move  as  usual,  but  are  constrained  b^ 
mechanical  attachments  (not  here  shown)  to  occupy  the  posi- 
tions Pjt?,  PD. 

Two  large  60°  prisms  of  the  same  material  (pure  rock  salt 
from  the  same  mine),  their  faces  worked  with  the  greatest  ac- 
curacy, are  placed  with  these  equal  refracting  angles  in  opposite 
directions,  one  (P)  at  the  obtuse,  the  other  (p)  at  the  acute 
angle  of  the  parallelogram  (Pp  Dc),  the  vertices  of  all  wboee 
angles  in  the  mechanical  construction  are  pivoted  and  connected 
by  infiexible  arms,  so  that  (both  prisms  being  kept  automat- 
ically in  minimum  deviation  by  the  attachments  M,  m)  the 
angle  of  minimum  deviation  {o  p  P)  for  the  first  prism  i* 
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necessarily  equal  to  the  angle  of  mLnimum  deviation  (B  P  D^ 
or  its  equal  P  Do). 

Thus,  if  the  pencil  of  solar  radiation  reflected  from  a  large 
siderostat  on  the  north,  not  shown  here,  passes  from  N  toward 
S,  on  moving  the  beam  A  R,  pivoted  at  j?  (p  being  the  pro- 
jection in  our  drawing  of  a  vertical  line  passmg  through  the 
center  of  the  turn-table  and  the  median  line  of  N  S  and  A  R) 
into  various  positions,  N  S  remaining  fixed,  the  rays,  which 
are  refracted  by  the  prism  p  in  the  direction  of  t>  P,  will 
emerge  from  P  in  the  direction  P  D  and  fall  upon  tne  bolom- 
eter 6.  A  condensing  lens  (Z)  forms  the  solar  image  on  the 
slit  («,)  of  the  first  spectroscope,  whose  train  j[consisting  of  col- 
limator, ?„  prism,  Pj  and  image-forming  lens,  /,)  forms  a  spec- 
trum on  the  slit  («,)  of  the  second  spectroscope.  Here  a  narrow 
pencil  from  the  first  spectrum  comprising  only  the  particular 
wave-lengths  which  fall  within  the  width  of  «„  is  admitted, 
and,  by  the  second  train  L,  P  L„  formed  into  a  horizontal 
spectrum  at  and  on  either  side  of  B.  When  we  move  A  K 
tnis  spectrum  moves  in  turn  past  the  vertical  linear  thread  of 
the  bolometer  B,  which  lies  in  the  focal  plane  of  this  spectrum^ 
and  is  immersed  in  its  successive  absorption  lines  as  these  defile 
past  it  The  function  of  the  first  spectroscopic  train  (Z,  l^^pj  Q 
IS  solely  to  sift  out  the  extraneous  radiations  and  to  present  at 
the  second  slit  («,)  only  those  which  legitimately  belong  to  that 
part  of  the  spectrum  we  wish  to  study.  These  pure  rays  pass 
into  the  second  slit  and  are  analyzed  by  the  second  train  in  the 
usual  way,  by  the  aid  of  the  linear  bolometer  at  B,  and  of  the 
circle  (C)  reading  to  ten  seconds  of  arc. 

The  objection  to  this  apparatus  is  its  complexity,  which, 
however,  we  have  been  unable  to  advantageously  diminish. 
We  may,  however,  satisfy  ourselves  by  visual  observation  of 
the  Fraunhofer  lines  seen  through  the  whole  compound  system; 
(entirely  of  salt)  both  of  the  optical  perfection  of  the  surfaces 
of  our  entire  double  train,  and  of  the  accuracy  of  its  purely 
automatic  action. 

Results  of  Observation. 

With  this  and  the  apparatus  already  described  in  previous 
memoirs  we  have  searched  the  extreme  infrared  solar  spectrum 
at  first  without  definite  success,  later  with  results  whach  will 
be  better  understood  by  the  accompanying  drawings.*  Fig.  2J 
shows  the  newly  investigated  invisible  solar  heat  spectrum  on 

the  normal  scale  up  to  an  (estimated)  wave-length  of  18^.    Fig. 

8a  is  an  enlarged  view  of  that  portion  of  it,  extending  to  5^* 
and  fig.  3J,  a  photographic  interpretation  of  the  last,  obtained 
automatically  by  a  special  device ;  so  as  to  present  somewhat 

♦  For  figs.  2a,  26,  3o,  36,  see  Plates  IX,  X. 
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ippearance  which  this  heat  region  might  be  expected  to 
to  an  eye  which  conld  see  it 

ordinately  long  as  oar  new  chart  fig.  2h  may  seem,  we  see 
the  scale  is,  nevertheless,  contracted  to  the  last  degree,  so 
the  entire  visible  spectrum  is  compressed  into  less  than  0.2  of 
ch,  seen  on  the  leit  or  violet  end.     Next  we  have  the  solar 

-red,  already  described  and  shown  to  exist  to  2^  '8,  which 
des  its  great  absorption  bands,  0^  W,  i2,  previously  investi- 
1  with  glass  prisms, 
le  principal  lunar  heat  lies  chiefly  beyond  the  great  wave- 

:h  of  0°*°*01  (10^),  and  ere  we  reach  it  we  pass  over  a 

n  between  6^  and   11^  (many  times  the  length  of  the 

e  visible  spectrum),  where  the  solar  heat  seems  to  have 

,  to  our  present  means  of  recognition,  entirely  absorbed, 

ably  chiefly  by  our  own  atmosphere. 

will  be  convenient,  however,  after  noting  the  extent  of 

rhole  region  shown  in  fig.  2a,  to  commence  our  descrip- 

with  the  detailed  portion  shown  in  figures  8a  and  3ft,  to 

h  the  reader  is  referred  in  illustration  of  what  immediately 

ws. 

le  lowest  bands  already  described,  as  seen  in  the  spectrum 

lint  glass  prism,  are  the  small  ones  oi,,  and  o;„  near  2^.  Se- 
this point  all  is  believed  to  be  here  given  for  the  first 
The  bands  in  this  new  region  are  undoubtedly  due, 
ly,  if  not  wholly,  to  telluric  absorption,  and  they  are 
)ly  variable,  depending  on  the  season  of  the  year  and 
more  on  the  hour  of  the  day.  As  the  snn  sinks,  its  rays, 
ng  through  increasing  air  masses,  suffer  absorptions  which 
ilarly  change  the  appearance  of  the  bands ;  as  is  shown  in 
es  4  and  5  which,  however,  are  drawn  upon  the  pris- 
3,  not  the  normal,  scale.  Figure  4  is  identifiable  with  the 
on  extending  from  X  to  Y  on  the  latter. 
)servatioA8  made  during  the  winter  indicate  that  the  band 

•64,  figures  3a,  3J,  is,  with  a  high  sun,  largely  filled  up, 
jially  on  the  less  refrangible  side.  At  noon  a  subordinate 
mum  has  been  found  within  the  low  sun  limits  of  this 

at  2^-94,  and  a  second   one  at  2^*80  frequently  accom- 

js  it,  producing  subordinate  minima  at  2^*89  and  3^02.  As 
absorption  increases,  with  a  sinking  sun,  these  subordinate 

ma  disappear  to  a  very  great  extent,  that  at  2^^*80  being 
Brst  to  vanish  as  well  as  the  quickest  to  grow,  so  that 
oon,  on  a  cold  day,  it  not  only  surpasses  tne  maximum 

'•94,  but  even  begins  to  approach  that  at  3^*20,  while, 
1  the  sun's  altitude  is  less  tlian  10°  the  nearly  uniform 


404    S,  P,  Langley — Inmsible  Solar  and  Lunar  SpectrvmL 

part  of  the  band  extends  from  2^*45  to  3^' 15  without  a  break. 

Minor  cold  bands  at  3^-37  and  S'^'GO  are  suspected.  The  evi- 
dence  for  their  existence  may  be  seen  by  inspecting  the  high 

sun  and  low  sun  curves  given  in  fig.  4.  From  4'*'0  to  4^*5  we 
have  another  region  of  almost  complete  absorption,  followed 

by  a  maximum  at  4^*6,  beyond  which  lies  the  longest  break  of 

all,  stretching  from  5^  to  11^.     The  solar  heat  throughoat  the 

region  from  5^  to  11^  is  probably  far  greater  than  it  here 
appears,  and  if  the  parts  struck  out  by  our  atmosphere  were 
restored  it  would  probably  be  found  that  a  not  wholly  incon- 
siderable portion  of  the  sun's  heat  lies  in  this  r^ion,  for  it 
must  be  borne  in  mind  that  even  the  maxima  are  ooubtless  in 
some  degree  affected  by  a  linear  absorption,  so  that,  because  a 
part  of  the  spectrum  appears  to  be  almost  entirely  transmitted, 
we  cannot  infer  that  it  necessarily  is  so,  or  that  it  has  not, 
after  passing  through  the  upper  strata  of  the  air,  already  parted 
with  a  considerable  portion  of  its  energy.  While  the  position 
of  a  line  or  band  caused  by  light  from  the  center  of  the  sun 
is,  in  the  upper  spectrum,  unchangeable,  in  this  extreme 
lower  spectrum  (if  we  could  photograph  it,  like  the  upper,  on 
cold  and  on  hot  days,  with  high  sun  and  with  low),  the  absorp- 
tion would  be  seen  to  increase,  not  symmetrically  with  the  cen- 
ter*of  the  band,  but  more  on  one  side  than  another,  so  as  to 
considerably  modify  the  position  of  greatest  absorption.  ThiB 
seems  to  be  the  explanation  of  a  curious  fact,  which  could  not 
have  been  anticipated  in  advance  of  observation ;  that  is,  that 
the  centers  of  several  of  these  bands  and  lines  are  under  some 
conditions  found  to  be  shifted  to  a  recognizable  extent,  and 
hence  their  wave-lengths  are,  within  certain  limits,  variable. 

It  seems  as  though  the  absorption,  which  we  see  exercised  in 
most  of  the  visible  spectrum  by  line  lines,  which  begin  already 
to  show  aggregation  into  a  broader  absorption  band  on  the 
borders  of  the  infra-red  {e,  </.,  the  well-known  ''A"  of  Fraun- 
hofer),  is,  as  w^e  pass  farther  down  into  the  invisible  part,  rep 
resented  by  wider  and  wider  bands^  like  <P,  ¥^  Q  (composed 
themselves  of  lines  probably).  The  heat  between  these  local 
regions  of  almost  total  absorption  continues,  as  I  have  repeat- 
edly before  stated,  to  be  (contrary  to  the  old  belief)  apparently 
transmitted  with  even  greater  facility  than  that  in  the  visible 
spectrum.  These  banas  have  grown  larger,  and  closer  and 
closer  together,  as  w^e  have  come  down  from  the  visible  spec- 
trum below  the  point  where  the  old  map  ended,  and  not  far 

below  5^  they  seem  to  practically  coalesce  into  one  almost 
unlimited  cold  band.  We  do  not,  let  it  be  observed,  assert 
that  the  absorption  is  absolutely  total  even  here,  and,  in  fact, 
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there  is  always  a  feeble  heat  to  be  observed  thronghont  this 
extent.  This,  however,  the  use  of  the  sifting  train  shows  to 
be  largely,  at  any  rate,  factitious,  but  we  admit  the  possibility 
that  subsequent  research  may  prove  that  it  is  not  all  so. 

Let  us  now  recur  to  fig.  2J,  where  we  shall  find  below  W 
the  same  dependence  of  the  effects  upon  the  season  and  the 

hour,  as  in  the  part  above  5^.  At  l(y*'2  observations  made 
during  the  autumn  showed  scarcely  the  feeblest  suspicions  of 
heat,  and  the  same  has  held  good  in  the  very  mild  weather  of 
the  past  winter  (of  1887^ ;  but  on  a  few  days,  when  the  temper- 
ature had  fallen  below  tne  freezing  point,  a  notable  maximnm 

was  found  at  this  point,  followed  by  a  minimum  at  KX**?.  The 
height  of  this  maximum  relatively  to  the  principal  one  in  this 

region  at  about  13^  appears  to  be  correlated  with  the  composi- 
tion of  the  air  as  affected  by  the  temperature.  On  the  coldest 
day  (temperature  at  noon — 6*7°  C.)  the  deflection  at  midday  for 

X  =  l(y*2  was  nearly  one-half  that  at  IS'*,  but  on  other  days, 
when    the    temperature   was    near   0°    C,   the   deflection  at 

V^'^  did  not  exceed  one-fourth  that  at  IS'*,  while  at  tempera- 
tures above  -f  10°  C.  it  was  not  noticeable. 

It  is  in  the  region  near  IS''  to  14'',  or  over  twenty  times  the 
length  of  the  visible  spectrum  below  it,  that  we  have  found 
the  maximum  of  the  lunar  heat  spectrum,  and  it  is  here  that 
we  first  obtained  indications  of  solar  radiation  corresponding  in 
its  great  wave  length  to  this  special  lunar  radiation,  but  of 
amounts  non-estimable  by  the  means  till  now  employed.  I 
have  already  spoken  of  its  almost  unrecognizably  small  amount, 
and  a  perhaps  more  vivid  apprehension  of  its  extreme  minute 
ness  will  be  gained  from  the  statement  that  on  this  graphical 
construction,  on  the  scale  of  ordinates  used  in  delineating  the 

curve  from  0  to  S'',  no  heat  appears  below  h^  anywhere,  not 

even  at  the  maximum  near  13''  and  14'';  because,  though  heat 
exists  to  the  bolometer,  the  highest  ordinate  which  would 
represent  it  on  our  drawing  is  not  so  great  as  the  thickness  of 
the  thin  black  line,  which  denotes  the  axis  of  abscissae.  T  have 
accordingly  here  been  obliged  to  exhibit  it  separately  by  a 
dotted  curve  whose  ordinates  are  one  hundred  times  those  in 
the  remainder  of  the  spectrum.  The  points  of  minima  in  it 
are  identifiable  with  absorption  bands,  which  we  have  directly 
observed,  and  which  we  have  independently  found  to  exist  in 
our  own  atmosphere,  by  studying  the  radiations  from  a  copper 
surface,  one  meter  square,  at  the  temperature  of  boiling  water 

J  placed  in  the  open   air  at  a  distance  of  one  hundred  meters 
rom  the  bolometer.     (The  description  of  this  will  be  found  in 
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I  supplementary  research  to  be  given  elsewhere^  The  princi- 
3al  lunar  heat  then  is  found  here,  at  a  point  of  the  spectrum 
corresponding  to  the  maximum  radiations  from  meltmg  ice, 
)nt  its  mas^imum  amount  is  probably  less  than  1  per  cent  of 
;he  corresponding  solar  heat,  which  we  have  just  found  to  be 
tself  so  small.  That  we  can  detect  the  lunar  heat  at  all  under 
^hese  circumstances  is  due  to  the  fact  that  we  are  here  able  to 
employ  for  it  very  short-focused  mirrors  and  lenses,  which  con- 
lense  it  into  a  very  short  and  relatively  hot  spectrum  (there 
[)eing  no  fear  of  their  diffusing  extraneous  heat,  since  none 
ivorth  mention  exists).  In  the  case  of  the  sun  we  must  employ 
\  wholly  different  optical  train,  forming  a  far  longer  spectrum, 
[t  will  be  easily  understood  that  these  means,  which  enable  us 
to  determine  the  position  of  the  solar  and  lunar  heat  maxima 
liere  are  not  favorable  to  a  determination  of  the  relative 
eimounts  of  heat  received  from  the  sun  and  moon  under  such 
different  conditions.  We  can  only  say  that  these  ratios  are 
themselves  utterly  changed  from  what  they  are  in  the  visible 
spectrum,  where  we  all  Snow  that  the  solar  Ught  is  something 
like  five  hundred  thousand  times  moonlight  It  is  probable 
that  the  solar  heat  received  in  ihu  part  of  the  spectrum  is  less 
than  five  hundred  times  the  lunar ;  but  the  actual  ratio  is  only 
veiT  roughly  determinable  by  our  present  means. 

By  comparison  with  the  "heat"  spectra  given  in  a  previous 
memoir,  we  may  also  note  the  fact  that  some  of  the  wave- 
lengths given  from  ice,  are  identifiable  in  the  solar  spectrum, 
nor  (in  view  of  the  now  established  fact  that  the  ratios  of  the 
beat,  at  like  parts  of  the  spectra  of  two  unequally  hot  bodies, 
ire  functions  of  the  wave-length)  need  it  surprise  us,  that 
we  have  also  found  that  this  part  of  the  spectrum  of  the  sun, 
IS  not  incomparably  hotter  than  the  corresponding  part  of  the 
ice-spectrum. 

It  may  be  asked  if  we  can,  after  all,  feel  sure  of  the  charac- 
ter of  such  minute  amounts  of  heat  in  the  presence  of  the 
dready  described  refiected  and  diffused  heat  from  the  upper 
ipectrum,  considering  the  possibility  that  something  may  go 
wrong  in  the  elaborate  arrangement  of  the  sifting  train,  and 
leave  us  (as  everything  we  study  now  is  invisible)  without 
>cular  warning  of  the  fact  I  may  reply  that  we  have  lately 
Found  an  admirable  check  upon  the  eflSciency  of  our  optical 
levices  in  the  behavior  of  that  familiar  substance  lamp-black, 
which  all  physicists  use  either  on  thermometers,  thermopiles, 
3r  bolometers.  All  of  us  know  probably  that  it  is  not  abso- 
lutely non-selective,  as  it  used  to  be  thought,  and  that  it  has  a 
tendency  to  transmit  the  infra-red  with  greater  freedom  than 
the  visible  spectrum,  but  the  statement  I  am  about  to  make 
may  excite  surprise.     It  is,  that  when  a  very  perfectly  polished 
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rock-salt  plate  is  covered  by  a  sheet  of  lamp-black  of  snch 
thickness  as  to  transmit  less  than  one  per  cent  of  ordinary 
white  light,  it  transmits  about  90  per  cent  of  the  radiations 
belonging  to  these  extreme  wavelengths.  In  other  worda, it 
has  become  a  transparent  body  to  rays  of  this  wave-length, 
while  it  exercises  an  intermediate  degree  of  absorption  on  in- 
termediate rays,  so  that  by  the  amount  of  their  absorption  by 
lamp-black,  we  have  a  test  by  which  these  latter  may  be  inde- 
pendently identified. 

We  have  given  the  preceding  study  not  only  to  map  new 

lines  and  bands  in  the  region  between  i^  and  5^*,  but  also  to 
verify  the  existence  of  an  all  but  infinitesimal  amount  of  heat  at 
much  greater  wave-lengths.  We  have  applied  great  pains  to  this 
latter,  not  so  much  on  account  of  its  own  importance,  as  on 
account  of  the  important  conclusions  to  be  drawn  from  it  later; 
for  if  it  is  true  that  in  this  extreme  spectral  region,  correspond- 
ing to  temperatures  much  below  the  boiling  point  and  even 
below  that  of  melting  ice,  the  amount  of  the  solar  h^t  is 
trivial,  it  is  also  true  that  the  fact  of  its  existing  at  all  is  of 
verv  significant  interest  to  the  meteorologist;  for  it  is  obvi- 
ously here,  at  temperatures  below  100°  C,  that  the  rays  which 
make  up  the  nocturnal  as.  well  as  diurnal  radiations  from  the 
soil  of  our  own  planet  are  to  be  found.  We  observe  that  if 
such  rays  can  enter  the  air  from  the  sun,  they  can  go  out  even 
from  an  icy  soil  (and  still  more  from  an  ordinary  one),  to 
whose  radiations  it  hence  appears  the  atmosphere  is  not  un- 
permeable.  Heat,  then,  apparently  escapes  in  some  very  mi- 
nute degree  even  from  the  surface  of  the  Arctic  Zone,  not 
only  by  convection  but  by  direct  radiation  through  the  at- 
mosphere toward  space.  Meteorological  questions  of  great 
interest,  to  which  we  sliall  return  in  a  later  memoir,  can  best 
be  answered  from  a  study  of  this  spectral  region,  and  even  if 
the  problem  of  the  lunar  temperature  did  not  interest  us  as 
students  of  celestial  physics,  we  should  still  find  others  depend- 
ing on  it  of  very  practical  import. 

As  to  the  degree  of  accuracy  obtainable  in  fixing  its  position 
in  the  spectrum,  we  may  remind  the  reader  that  the  old  fonnula 
of  Cauchy  and  others  being  useless,  as  we  have  shown,  we  have 
already  undertaken  a  research*  to  enable  us  to  determine  such 
wave  lengths  in  this  region.  We  have  detennined  all  the  wave- 
lengths by  the  interpolating  curve  made  from  the  observationi 
of  1887,  which  has  been  exhibited  to  the  Academy  at  its  April 
meeting.  In  this  memoir  will  be  found  all  the  explanations 
we  can  offer  relating  to  the  degree  of  trustworthiness  of  the 
values  assigned  to  the  present  extreme  wave-lengths.  If  they 
are,  as  we  believe,  to  be  trusted  within  the  limits  there  given, 

*  Od  hitherto  unrecognized  wave-lengths.    This  Jouroa],  August,  1S86. 
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^e  have  measared  indications  of  lunar  heat  (and  possibly  of 
olar)  greater  than  are  shown  on  this  drawing,  and  wnose  wave- 
engths  exceed  one-fiftieth  of  a  millimeter.  It  is  not  likely 
hat  the  more  refrangible  of  that  extremely  feeble  heat,  which 

re  here  particularly  describe,  is  much  less  than  ll'*. 

I  think  we  may  now  feel  justified  in  saying  that  we  probably 
:now  some  of  the  main  facts  about  the  solar  spectrum,  so  far 
£  terrestrial  absorption  is  concerned.  Broadly  speaking,  they 
re  these : 

Hardly  one-fourth  of  the  solar  energy,  as  we  receive  it,  is  visi- 
ble, at  least  without  special  precautions.  Of  the  remaining 
hree-fourths,  far  the  larger  portion  of  the  heat  actually  re- 
vived lies  in  the  region  above  2'**8,  which  has  already  been 
lelineated,  but  if  it  were  not  for  terrestrial  absorption,  the  heat 
Q  the  region  below  it  would  be  relatively  so  much  greater, 
hat  it  is  probable  that  of  the  original  solar  energy,  before  ab- 
orption,  more  than  three-fourths  is  invisible. 

The  effects  of  terrestrial  absorption  appear  in  the  visib]e 
pectrum  chiefly  by  means  of  the  telluric  Fraunhofer  lines,  so 
nat  our  first  impression  on  looking  at  it  is  that  these  lines  only 
occasionally  interrupt  the  play  of  Tight  and  color  by  which  the 
olar  energy  makes  itself  Known  through  the  sense  of  vision. 
Ls  we  go  down  into  these  lower  parts  of  the  infra-red  region, 
ee  find  (directly  contrary  to  the  old  belief)  that,  broadly  speak- 
ng,  the  radiation  apparently  grows  more  and  more  transmis- 
ible  by  our  atmosphere,  and  this  because  the  hea/t  rays  between 
he  Unes  grow  more  and  more  transmissible,  while  the  lines 
hemselves,  though  growing  into  broader  bands  of  almost  total 
.bsorption,  have  not  vet  extinguished  the  hot  regions  between 
hem,  so  that,  even  taking  regions  of  transmission  and  absorp- 

ion  together,  on  the  whole  here,  i.e.  above  S'*,  more  of  dark 
leat  in  proportion  seems  transmitted  than  of  light  heat.  We 
Qay  roughly  illustrate*  this  portion  of  the  sun's  spectrum  after 
bsorption  by  saying  that  if  it  were  visible,  it  would  present 
Imost  the  appearance  of  diffuse  luminous  bands  on  a  dark 
ield,  somewhat  like  those  seen  in  the  spectra  of  stars  of  the 
onrth  type.  As  we  have  observed  that  absorption  seems  to 
Qcrease  in  .the  same  direction  in  the  sun's  own  atmosphere  as 
Q  ours,  it  would  be  interesting  to  know  if  anything  analogous 
xists  in  the  absolute  solar  spectrum ;  i.  e.,  before  absorption 
Q  the  sun's  atmosphere,  but  this  we  are  not  as  yet  able  to 
[etermine. 

Since,  in  the  part  of  the  spectrum  described  here  for  the  first 
ime,  the  same  process  of  aggregation  into  ever  wider  and 

♦  Figure  3. 
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wider  regions  of  absorption  is  continued  till  these  intermediate 
regions  of  transmission  disappear,  the  whole,  to  repeat  an  ex- 
pression I  have  used  in  an  earlier  memoir,  seems  to  become 
one  continuous  cold  band,  in  which,  however,  we  have  found  i 

little  heat  struggling  through  in  the  part  beyond  ll'*.  Briefly, 
then,  we  may  say,  tnat  to  an  eye  wnich  could  see  the  whole 
spectrum,  visible  and  invisible,  the  luminous  part  being,  as  we 

know,  interrupted  by  occasional  dark  lines,  the  lower  part  to  St 
would  appear  to  consist  of  alternate  bright  and  dark  bands,  and 

the  part  below  5^  be  nearly  dark,  but  with  feeble  ** bright" 
bands  at  intervals.  In  conclusion,  we  may  sav  that  these  new  re- 
searches extend  the  known  solar  spectrum  irom  three  to  mnch 
over  the  eighteen  microns,  shown  on  our  plate,  and  while  con- 
firming the  previously  announced  fact  that  the  solar  heat  of 
the  great  wave-lengths  which  actually  reach  us  is  negligible  in 
amount,  show  from  the  fact  of  the  existence  of  any  at  all,  that 
the  anomaly  of  our  being  able  to  perceive  lunar  heat  where  we 
could  not  formerly  detect  solar,  can  be  explained  consistently 
with  the  possible  existence  of  the  latter  oi  every  wave-length 
before  absorption. 

These  investigations  into  a  problem  of  Solar  Physics  have 
also  incidentally  led  us  to  the  prospective  means  of  solution  of 
an  important  one  in  Meteorology,  for  they  have  opened  to 
observation  the  hitherto  unknown  region  of  the  spectrum,  in 
which  the  nocturnal  and  diurnal  radiations  not  only  from  the 
moon  toward  the  earth,  but  from  the  soil  of  the  earth  toward 
space,  are  to  be  found  and  may  be  hereafter  studied  in  detail. 


Art.    XLII. — A  brief  history  of  Taconic  ideas ;  by  James 

D.  1)ana. 

As  the  Taconic  controversy  is  now  nearing  its  end,  a  brief 
review  of  tlie  progress  of  ideas  relating  to  the  various  sides  of 
the  subject  from  the  time  of  the  earliest  discussions  to  the  pres- 
ent will  be  found  instructive.* 

*  A  historical  account  of  the  Taconic,  especially  of  the  views  of  Taconic  tdfo- 
cates.  eutiiled  "  The  Taconic  System  and  its  position  in  Stratigraphical  Geology," 
by  Mr.  Jules  Marcou,  is  contained  in  the  Proceedings  of  the  Aroericao  Acadeoj 
of  Sciences,  vol.  xii,  1884,  1885,  pages  174  to  256.  It  relates  mainly  to  the 
"Upper"  Taconic,  and  makes  little  mention  of  facts  or  observations  of  the  thirty 
years  past  connected  with  the  "Lower"  Taconic  rocks  in  the  southern  half  of 
Vermont,  Massachusetts  with  its  typical  Williamstown  Taconic  section,  sod  is 
eastern  New  York  from  Rensselaer  Co.  southward ;  all  which  have  a  profound 
bearing  on  the  question  of  age,  and  on  the  true  relation  of  the  **  Upper"  and 
"  Lower  "  sections.  No  account  is  given  of  the  Taconic  system  of  1843,  in  the  cb- 
tailed  presentation  of  which  Prof.  EmtnoDS  states  its  fundamental  and  disUnctive 
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1818  to  1828. — ^The  name  Taconio  first  came  into  topograpli- 
ical  geology  through  Professor  Chester  Dewey,  who  made  the 
^earliest  geological  map  of  the  region,  observed  the  general 
arrangement  and  eastward  pitch  of  the  beds,  and  called  the 
rocks  m  the  style  of  the  time.  Transition  rocks.* 

Prof.  Amos  Eaton  gave  credit  in  1820  to  Prof.  Dewey  for 
the  chief  part  of  his  knowledge  of  the  Taconic  rocks  ;t  but,  by 
1828,  this  pioneer  in  American  geology  had  made  fifteen  sec- 
tions of  the  rocks  from  the  Hudson  Kiver  to  the  Taconic 
mountains,  in  order  to  ascertain,  as  he  says,  their  conf ormability 
and  true  order  of  succession,  j: 

1836  to  the  close  of  18^1. — Prof.  Emmons,  whose  depart- 
ment in  the  New  York  Geological  Survey  covered  the  north- 
ern and  northeastern  part  of  the  State,  and  who  was  already 
acquainted  with  the  adjoining  region  of  Williamstown  in  Mas- 
sacnusetts,  continued  his  survey  into  Williamstown.  But  in 
the  New  York  Annual  Keports  no  mention  is  made  of  the  Ta- 
conic system  either  by  him  or  by  any  other  of  .the  New  York 
geologists.  This  is  true  even  of  the  latest — the  fifth — annual 
Keport,  that  for  1840.  Prof.  Emmons,  in  his  part  of  this  Re- 
port, under  the  date  of  transmittal  of  Feb.  1,  1841,  says  on 
[)age  94: 

"The  Qranular  quartz  of  Benninc^ton,  which  occurs  also  in 
Dutchess  Co.,  N.  Y.,  I  believe  to  be  Potsdam  sandstone  in  a  raet- 
amorphic  form,  and  the  granular  limestone  associated,  to  belong 
to  the  same  geological  epoch."  I  believe  ''that  the  rocks  from 
Lake  Champlain,  along  the  eastern  part  of  the  counties  of  Wash- 
ington, Rensselaer,  Columbia,  Dutchess,  all  of  Putnam,  West- 
^^hester,  great  part  of  Rockland  and  soutlieast  part  of  Orange  are 
metamorphic  and  intruded  rocks,  and  I  would  suggest  that  all  the 
rocks  from  the  New  York  state  line  to  the  Connecticut  valley  are 
similar.  The  talcose  and  micaceous  and  talco-micaceous  divisions 
of  the  Green  Mountain  range  in  Vermont,  Massachusetts  and 
Connecticut  have  a  strong  analogy  to  the  metamor|)hic  slates  of 
the  east  part  of  Washington,  Rensselaer  and  Columbia  Coun- 
ties, but  are  traversed  by  Targe  granite  veins  and  are  interstrati- 
fied  with  intrusive  rocks  which  might  be  expected  to  produce  a 
greater  change  in  mineral  constitution." 

dlisracteristics,  and  to  which  alone  the  discussioDS  in  1842  to  1844  bj  Rogers, 
Mather,  Hall  and  Hitchcock  had  reference.  Mr.  Marcou's  own  special  Taconic  in- 
vestigations were  made  in  nortliern  Vermont  and  its  vicinity,  a  region  barelj 
aUuded  to  as  Upper  Taoonic  by  Prof.  Kmmons. 

*C.  Dewey,  this  J.,  t337,  1819;  ii,  246,  1820;  viii,  1,  240,  with  the  map,  1824. 

t  A.  Baton,  Index  to  the  Geology  of  the  Uniied  States,  1820. 

X  A.  Eaton,  this  J.,  ziv,  147,  18i8,  where  he  says:  "I  have  traversed  the  Tran- 
sition range  from  Massachusetts  line  to  Hudson  River  in  fifteen  places,  since  the 
first  part  of  my  survey  was  published,  for  the  purpose  of  ascertaining  the  true 
nperpositlon  of  r6cks  in  this  most  complicated  and  difficult  geological  theatre." 
Praf.  G.  H.  Oook  recenUy  drew  my  attention  to  this  statement  of  Prof.  Eaton 
^diich  I  had  previously  overlooked. 
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As  late,  then,  as  February,  1841,  there  was  no  indication 
that  tlie  Taconic  system  had  taken  shape  in  the  mind  of  Prol 
Emmons,  although  pretty  well  stored  with  Taconic  facta  In 
opposition  to  the  ideas  of  the  Taconic  system  of  1842,  the 
quartzy te  is  spoken  of  as  the  '^  Potsdam  sandstone  "  in  a  meta- 
morphic  state,  and  the  associated  gnmjalar  limestone  as  of  '*  the 
same  geological  epoch." 

In  1842,  the  quarto  Report  on  New  York  Greology  by  Prof. 
Emmons  appeared,  with  its  letter  of  transmittal  datea  tfannuj 
1,  1842 ;  and  in  this  volume  the  acconnt  of  the  Taconic  system 
as  a  new  system  of  rocks  in  American  geology  covers  pages 
135  to  164,  thirty  quarto  pages.  The  germinant  period  waB, 
consequently,  between  February  1,  1841,  and  January  1, 184i 

Another  fact  brings  us  closer  to  the  time  of  first  announce- 
ment. The  system  became  a  subject  of  special  discussion,  as  I 
am  told  by  Prof.  James  Hall,  at  the  meeting  of  the  American 
Association  of  Geologists  and  Naturalists  held  early  in  April, 
1841,  at  Philadelphia.  This  narrows  down  the  germinating 
period  to  the  two  months  between  February  1  and  April  10  oi 
1841. 

Those  who  took  a  prominent  part  in  this  first  discussiott 
were  Professors  Henry  D.  Rogers,  Edward  BUtchcock,  Wm. 
W.  Mather,  Mr.  James  Hall  and  Mr.  Lardner  Vanuxem.  Proi 
Rogers  was  interested  in  the  subject  because  of  his  elaborate 
^ological  study  of  the  Appalachian  Mountain  system  on  which 
le  reported  at  length  to  the  Association  the  loUowing  year; 
Prof.  Hitchcock,  because  the  heart  of  the  Taconic  region  was 
within  his  own  field  of  study — the  state  of  Massachusetts, — his 
final  report  on  which  he  already  had  iii  the  press;  Prof. 
Mather,  because  part  of  the  Taconic  rocks  west  of  Massachu- 
setts were  very  largely  within  his  section  of  the  survey  of  the 
State  of  New  York  ;  Prof.  II all,  because  of  the  bearing  of  the 
facts  on  the  system  of  New  York  rocks.  Prof.  Vanuxem,  also 
one  of  the  New  York  State  geologists,  had  under  his  charge 
only  southern  New  York  west  of  the  Taconic  area  and  had 
given  the  rocks  no  study. 

Altljough  we  have  no  report  of  the  discussions.*  we  learn 
from  later  publications  that  Professors  Hitchcock,  Rogers, 
Hall  and  Mather  objected  to  the  views  of  Prof.  Emmons,  and 
Mr.  Vanuxem  f  favored  them. 

♦The  Proceedings  of  the  meeting  in  this  Journal,  xli,  168,  1841,  and  in  the 
Trans.  Assoc.  Am.  Geol.  and  Nat.,  1840-42,  contain  no  allusion  to  the  discussion, 
discussions  heing,  as  the  Preface  of  the  Transactions  states,  "  imperfectlj  reported 
in  these  pages."  The  only  fact  of  any  Taconic  interest  mentioned  in  the  Proceed- 
ings of  the  meeting  for  1841  (Proc.  Assoc.,  188:{,  p.  16,  and  this  J.,  xli,  163).  iathit 
of  the  occurrence  of  impressions  of  Annelids  in  the  slate  of  Watenrille,  Me.,  bj 
Prof.  0.  P.  Hubbard — the  fossils  and  slates  being  afterward  (1844)  claimed  fortht 
Taconic  by  Kmmons.     Prol  Wm.  B.  Rogers  did  not  become  a  member  until  IMl 

f  Mr.  Vanuxem  has  a  page  on  the  subject  in  his  N.  T.  Qeological  Report,  p.  tL 
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The  comparison  of  views  at  the  meeting  resulted  in  inducing 
of.  Rogers  and  Prof.  Hall  to  take  the  field  for  the  study 
sections  over  the  Taconic  region.  The  season  had  just 
ssed  when  Prof  Rogers  made  a  report  on  his  results  to  the 
nerican  Philosophical  Society  at  Philadelphia,*  sustaining 
3  views  which  Hitchcock,  Hall,  Matter  and  himself  had  be- 
re  favored,  namely :  that  the  rocks  were  Lower  Silurian  (as 
3  term  was  then  used)  from  the  Potsdam  upward,  but  much 
xed  and  disguised  by  partial  metamorphism.  Prof.  Emmons 
mtions  in  his  Report  of  1842,  on  p.  147,  that  "  Professors 
Itchcock  and  Rogers  "  were  prominent  objectors  to  his  views, 
e  learn  that  Prof.  Mather's  views  were  essentially  those  of 
•of.  Rogers  from  his  New  York  Geological  report  published 
1843.  In  his  Preface  he  gives  an  interesting  account  of  the 
jcussion.  The  Dr.  Dana  lie  refers  to  was  Dr.  Samuel  L. 
ina,  of  Lowell,  Mass. 

181^2  to  the  close  of  1844;  Phase  L — Such  was  the  state  of 
inion  when  Prof.  Emmons's  full  report  on  the  Taconic  sys- 
m  was  published  in  1842. 

The  Taconic  system  of  this  report  comprised  the  rocks  from 
e  Hoosic  Mountains  westward,  passing  over  the  Hoosic  Val- 
fj  Saddle  Mountain  (which  included  Greylock),  and  also 
er  the  high  ridge  of  granular  quartz.  Oak  Hill,  just  north, 
e  Williamstown  plain,  the  Taconic  Mountains  next  west 
.  the  Massachusetts  boundary,  and  the  eastern  border  of  New 
Drk  west  of  this  boundary  to  the  Hudson.  Beginning  on  the 
st,  the  rocks  were:  (l)tne  "Stockbridge  limestone,'  (2) the 
Grranular  quartz  "  and  the  "  magnesian  slate  "  of  Greylock, 
lich  are  topographically  north  and  south  of  one  another,  (3) 
e  limestone  oi  W  illiamstown  plain,  (4)  the  ''  magnesian  slate  " 
the  Taconic  mountain,  (5)  the  *'  sparry  limestone  "  west  of 
e  latter,  and  farther  west,  (6)  the  "  Taconic  slate."  The  fol- 
winSj  commencing  at  the  bottom,  is  the  chronological  order 
cording  to  Emmons,  and  in  a  parallel  column,  are  given  the 
le  equivalents  (the  Roman  numerals  giving  the  order  of  age) 
established  by  the  latest  investigations. 

Taconic  System  of  1842.  Equivalents. 

Stockbridge  limestone.  II.  Lower  Silurian. 

a.  Magnesian  slate  of  Grey-  HI.  Hudson  slate, 
lock,  perhaps  a  repeti- 
tion of  No.  3. 

b.  Granular  quartz.  L  Cambrian. 
Limestone.                                   H.  Lower  Silurian. 
Magnesian  slate  of  Taconic  HI.  Hudson  Slate. 

Mountain. 
Sparry  limestone.  II.  Lower  Silurian. 

Taconic  slate.  Ill,  I.  Hudson  slate  and  Cambrian. 

*  Proc.  Amer.  Phil.  Soc.,  Jan.,  1842. 
kjL  Jour.  Sol— Third  Sbribs,  Vol.  XXXVI,  So.  ^V^.— !>«».,  \^^^. 
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The  ordei*  of  succession  adopted  by  Emmons  was  the  order 
of  superposition,  as  he  states,  with  arguments  in  its  favor,  on 
page  147  of  hie  report,  the  idea  of  flexures  being  rejected. 
The  granular  quartz  he  says  (p.  138)  *•  lies  between  two  roaBseB 
of  limestone," — which  is  topographically  a  fact. 

The  idea  of  the  pre-Potsdam  age  of  the  beds  was  based  on 
the  absence  of  fossils  ;  on  the  difference  in  the  kinds  of  rocks, 
and  in  their  succession,  from  the  *  lower  rocks  in  the  New 
York  series ;  also  on  supposed  unconformability,  no  special  case 
however  being  mentioned.  He  says,  with  reference  to  the  distinc- 
tion in  kinds  of  rocks  (p.  139),  *'  As  a  general  rule,  certain 
minerals  are  found  in  particular  rocks ;  and  may  not  a  similar 
rule  or  law  prevail  where  a  system  of  rocks  is  concerned  ?" 

Early  in  May  of  1844,  two  years  after  the  appearance  of 
Prof.  Emmons's  Report  and  over  half  a  year  before  his  second 
presentation  of  the  system.  Professor  H.  D.  Kogers  brought 
the  Taconic  question  into  his  Presidential  address  before  the 
'^Association  of  American  Geologists  and  Naturalists,"  and 
reiterated  his  former  conclusions.* 

ISIiJ^  to  ilie  close  of  18Jf9  ;  Pha^e  II. — In  December,  1844, 
appeared  as  a  pamphlet  in  4to — the  preface  bearing  the  date 
December  2,  1844 — Prof.  Emmons's  revision  of  the  Taconic 
system,  with  additions  and  an  extension  of  its  limits ;  and  in 
1846,  the  same  was  published  as  a  cliapter  in  his  N.  T.  Report 
on  Agriculture.  The  prominent  changes  are  the  following:  (1) 
the  system  is,  for  the  most  part,  turned  the  other  side  up, 
Rogers's  views  being  adopted  as  to  flexures  and  overthrost 
folds.  (2)  It  is  made  in  part  fossiliferous,  and  the  fossilifer- 
ous  part  is  put  at  the  top  under  the  idea  that  the  fossils  pruved 
it  to  be  the  newer  part.  (3)  The  granular  quartz  is  placed  at 
the  bottom. 

The  order  of  the  strata  in  the  Report,  and  the  equivalents, 
are  as  follows : 

Taconic  System  of  December,  1844. 

-   j  rt  Black  slate  (Bald  Mt.) 


I 


h  Taconic  si  ale. 


Equivalents. 

I. 

Cambrian. 

Ill, 

I.  Hudson  slate  and  Cam 

brian. 

II. 

Lower  Silurian. 

III. 

Hudson  slates. 

II. 

Lower  Silurian. 

I. 

Cambrian. 

4.  Sparry  limestone. 

3.  Magnesian  slate. 

2.  Stock l)ri(lij!:e  limestone. 

1.  Granular  quartz. 

♦  H.  D.  Ropery,  this  Journal,  xlvii,  137,  247,  1844.  The  address  ia  a  diflcni- 
sion  of  goolo^ical  views,  and  is  of  permanent  interest.  His  remarks  on  the 
Taconic  system  ocvupy  pages  150  to  153;  and  he  ends  them  with  the  suggesiion 
that  the  Taconio  system,  iustead  of  belonging?  exclusively  to  the  Clwmplain 
division,  may  "include  also  some  of  the  sandy  and  slaty  strata  here  spoken oftf 
lying  beneath  the  Potsdam  sandstone,"  referring  to  his  own  obaerrationB  A 
Virginia  and  Kast  Tennessee. 
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The  system  thus  had  Cambrian  at  top  and  Cambrian  at 
bottom.  In  the  chapters  on  the  granular  quartz,  doubts  about 
its  true  position  are  admitted ;  but  the  decision  as  to  its  being 
the  oldest  in  the  series  is  not  recalled. 

The  Report  has  an  appendix  on  pages  109-112;  and  its 
closing  sentences,  which  snow  wavering  opinions,  are  import- 
ant in  the  history.  After  saying  that  in  tnis  system  of  beds, 
made  when  the  earth's  condition  earliest  admitted  of  it,  "  we 
find  the  earliest  beings  which  had  life  and  vitality,"  he  adds 
(p.  112) :  '*  We  do  not  feel  confident  that  it  is  in  the  earliest 
of  these  deposits  that  we  have  discovered  fossils.  Mr.  James 
Hall,  however,  informs  me  that  he  found  the  ScolithuSj  a  tubu- 
lar polypaiian,  in  the  most  easterly  mass  of  the  granular  quartz. 
On  visiting  the  place  as  described  to  me,  I  was  not  successful 
in  my  search  for  this  fossil,  but  at  another  locality  I  found 
whai  appears  to  he  aii  orthoceratite.  The  fossils,  however,  are 
more  abundant  in  the  newer  rocks  of  this  system ;  and  they 
belong  to  beings  of  an  extremely  delicate  construction,  as  the 
reader  may  see  by  reference  to  our  description  in  another  part 
of  this  report."  The  orthoceratite  is  not  figured  or  agaiA 
mentioned. 

Prof.  Emmons  was  led  to  make  the  "  Black  slate"  of  Bald 
Mountain  either  "  a  distinct  rock,  or  merely  the  upper  portion 
of  the  Taconic  slate"  by  his  discovery  "during  the  early 
part  of  September,"  1844,  of  a  fossil  "  which  resembles  closely 
an  Annelide,"  and  the  finding  at  the  same  place  by  Dr.  Finch 
of  two  species  of  trilobites.  The  trilobites  were  named  Atops 
irilineatris  "  evidently  alUed  to  Triarthrus  Beckii^  so  abundant 
in  the  Utica  slate  "  and  EUiptocephala  asaphoides^  and  figures 
are  given  on  pages  64,  65.  The  "  Taconic  slate  "  of  eastern 
New  York,  including  the  Hoosic  slate,  and  occupying,  as  he 
Bays,  "  almost  the  wnole  of  Columbia,  Rensselaer  and  Wash- 
ington Counties  and  reaching  to  St.  Albans,"  was  also  put  with 
the  upper  fossiliferous  part  of  the  system  (pp.  67  to  71), 
because  of  the  discovery  of  Annelid  markings  chiefiy,  Nereites 
md  Myrianites. 

These  new  New  York  fossils  had  claims  to  a  place  in  the 
Brst  volume  of  Prof.  Hall's  Paleontology  of  New  York,  which 
was  published  nearly  two  years  later,  the  preface  bearing  the 
iate  September  1,  1846.  The  author  made  the  Atops  identi- 
cal with  Triarthrus  Beckii  and  hence  referred  both  trilobites, 
together  with  the  slates,  to  the  Hudson  river  group ;  and  the 
Elliptocephalus  was  referred  to  the  genus  OTenus,  In  the 
aafne  month,  the  question  of  identity  was  discussed  at  the 
meeting  of  the  Association  of  Geologists  and  Naturalists  and  a 
committee  of  investigation  appointed   for  its  consideration 
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and  at  the  following  meeting  in  1847,  Mr.  S.  S.  Haldeman, 
the  chairman  of  the  committee,  made  an  adverse  report.*  A 
reply  from  Mr.  Hall  appeared  in  this  Journal  in  1848. f 

Tne  discussion  was  continued  at  the  first  meeting  of  the 
American  Association  for  the  Advancement  of  Science  (an 
expansion  of  the  Association  of  American  Geologists  and  Nat- 
uralists), in  1848,  when  Prof.  Emmons  read  a  paper  entitled 
"  On  the  identity  of  the  Atops  trilineaUcs  and  the  Triarthrw 
Beckii^  with  remarks  upon  the  EUiptocephxdus  asaphoide%^ 
in  which  he  gives  a  full  comparison  of  characters  and  also 
points  out  the  diflFerences  between  the  latter  species  and  either 
of  the  allied  genera  OUnus  and  Paradoxidea.i^ 

The  following  year,  1849,  a  new  advocate  of  the  views  of 
Rogers  and  Mather,  in  opposition  to  Emmons,  appeared,  in 
Mr.  T.  S.  Hunt,  then  of  the  Geological  Survey  of  Canada,  who 
presented  that  year  to  the  American  Association  for  the 
Advancement  of  Science,  at  its  second  meeting  in  Cambridge, 
an  abstract  of  the  Geological  Report  of  Canada  for  the  year 
1847-8.§  But  it  does  not  appear  that  either  Mr.  Hunt,  or  any 
one  connected  with  the  Canadian  survey,  had  made  the  Taconic 
region  a  subject  of  investigation. 

1856  to  1859;  Phase  III.— In  the  year  1855,  Prof.  Emmons 
made,  in  his  new  volume  entitled  '*  American  Geology,"  his 
third  presentation  of  the  Taconic  System.  ||  The  chief  changes 
introduced  are  the  following :  (1)  The  fossiliferous  portion  of 
the  system  is  now  called  the  Upper  Taconic^  and  the  rest  the 
Lower  Taconic  \  (2)  the  Sparry  and  Stockbridge  limestones 
are  brought  together  as  one  formation  ;  (3)  the  synclinal  char- 
acter of  Greylock  is  first  recognized  and  figured ;  and  (4) 
extensions  of  the  system  to  new  localities  are  mentioned. 

The  order  of  succession  in  this  third  phase  of  the  system 
and  the  true  equivalents  are  as  follows : 

Taconic  System  in  1855.  Equivalents. 

TT  (2.  Black  slate  of  Bald        I.  Cambrian. 

Taconic-  ]  Mountain. 

^'  (  1.  Taconic  slate.  Ill,  I.  Hudson  slates  and  Cam- 
brian. 

3.  Magnesia  slate.  III.  Hudson  slates. 

2.  Stockbridge    lime-  II.  Lower  Silurian. 

stone. 

\.  Granular  quartz.  I.  Cambrian. 

♦  S.  S.    Haldeman,  this  Journal,  II.  v,  117,  1848.     At  the  same  meetiDg,in 
1847,  Prof.  C.  B.  Adams,  of  the  Vermont  Geologioil  Survey,  read  a  brief  noteoii 
the  Taconic  rocks  of  Addisou  ('ounty,  Vt,  in  oppo'feition  to  the  system. 
James  Hall,  this  Journal,  11,  v,  322,  1848. 
E.  Kmmons,  Proc.  Amer.  Assoc,  for  1848,  vol.  i,  p.  16. 
T.  S.  Hunt,  Proc.  Amer.  Assoc,  for  1849,  vol.  ii,  p.  326,  and  this  Journal,  II, 
\x,\%  1850. 

I  Occupies  pages  1  to  122  of  Part  II  of  the  Americao  Qeology,  8vo,  AHmuij,  1856. 


Lower 
Taconic. 
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This  system  of  1855,  like  that  of  1844,  has  a  top  and  bot- 
n  of  Cambrian  rocks.  The  succession  of  rocts  in  the 
Liower"  Taconic — which,  it  should  be  remembered,  were  the 
ly  rocks  in  the  system  when  Rogers  wrote  in  1841  and  1844 
i  Mather  in  1848 — coincides  with  the  views  early  set  forth 
Rogers,  and  with  the  order  established  by  the  most  recent 
«overies  of  fossils. 

Professor  Emmons,  on  page  70  of  the  American  Geology, 
-nestly  sustains  the  azoic  character  of  the  ^^  Lower '^'^  Ta- 
aic,  and  particularly  that  of  the  slates  of  Saddle  Mountain 
Greylock.  But  the  sentences  about  the  occurrence  of  fossils 
other  parts  of  the  "  Lower "  Taconic  are  left  ambiguous, 
eakine  of  the  Taconic  system  as  a  whole  on  the  closing  page 

122)  ne  says  :  (3)  "It  is  a  vital  system,  having  been  deposited 
ring  the  period  when  organisms  existed."  (6)  It  "  carries  us 
C5k  many  stages  farther  in  time  when  life  gave  vitality  to  its 
iters  than  the  Silurian."  He  also  says:  "(1)  Its  series, 
i^ided  into  groups,  are  physically  unlike  the  Lower  Silurian 
ies."  "  (2)  It  supports  unconf orraably  at  numerous  places 
3  Lower  Silurian  rocks."  Again  on  page  49 :  This  group, 
he  '  Lower '  Taconic,  is  mostly  anterior  to  the  Organic 
riod."  No  locality  of  Taconic  trilobites  is  mentioned  in  the 
apters   except   that   of  Bald   Mountain   in    Rensselaer  Co., 

Y.,  and  one  of  much  interest  in  Augusta  Co.,  Virginia, 
iich  had  afforded  Professor  Emmons  the  small  species  he 
med  Microdiseiis  quadricostaUis, 

In  1854  or  1855  new  Trilobites,  related  to  those  of  Bald 
3untain,  were  found  in  the  Black  Slates  of  West  Georgia, 
jrmont,  within  the  range  of  beds  referred  to  the  "  Upper  " 
<Jonic.  Passing  into  the  hands  of  Mr.  Zadock  Thompson, 
lo  had  been  assistant  in  the  Geological  Survey  of  the  State 
der  Professor  C.  B.  Adams,  the  specimens  were  sent  to 
ofessor  Hall,  and  in  1859,  they  were  figured  and  described 
him  as  "Trilobites  of  the  shales  of  the  Hudson  River 
'oup,"  under  the  names  Olenus  Thompsoni^  O,  Vermontana 
d  Peltura  holopyqa^  and  the  beds  were  thus  made  equiva- 
its  of  the  Bald  Mountain  slates.*     Although  these  fossils 

'J.  Hall,  Twelfth  Annual  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  pp.  69-62,  1859. 
lo  Vol.  in,  N.  Y.  Paleontology,  1859,  p.  .325;  Rep  Geol.  Vermont,  p.  367, 
ere  the  two  species  of  Olenus  are  united  under  the  name  Barrandia  Vermon- 
a.*  In  Vol.  Ill  of  the  Paleontolopry,  Professor  Hall  says,  on  page  94,  "In  the 
stern  flank  of  the  Qreen  Mountain  range,  the  great  variety  of  schists,  desig- 
od  as  talcous,  mica,  gneissoid  mica,  hornblende  and  calcareous  mica  slates  are 
results  of  metarrorphism  of  Silurian  strata;"  and  on  p.  83:  "It  is  now  many 
trs  since  the  belt  of  the  country  was  regarded  as  one  great  Primary  mass. 
»r  observers  began  to  yield  a  liiUe  and  contented  themselves  with  a  Primary 
s;  and  now  we  have  the  evidence,  derived  from  fossils  occurring  at  intervals 
)r  much  of  the  area  between  the  Hudson  and  the  Oonnecticnit  rivers,  as  well  as 
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were  not  formally  claimed  as  Upper  Taconic  by  Profeaor 
Emmons,  they  have  passed  as  such.  His  Manual  of  Geologj, 
the  preface  of  which  bears  the  date  May  1,  1859,  contains  a 

fooa  figure  of  a  lar^e  trilobite  under  the  name  Paradconda 
rachycephalus^'^  which  (as  first  suggested  by  Professor 
C.  H.  Hitchcock  in  186 If  and  is  recently  recognized  by 
Mr.  Walcott) J  is  identical  with .  Hall's  Olenus  Thonipsoni ; 
and  it  was  evidently  so  named  before  the  publication  of  Prof. 
Hall's  paper,  though  whether  pvhlished  before  is  not  certain. 
Unfortunately,  Professor  Emmons  failed  to  mention  the  kxal- 
ity  of  his  specimen.  On  page  87,  he  makes  the  following  judi- 
cious remark :  "  According  to  Barrande,  the  Paradoxiaes  and 

from  the  geological  structure  of  the  country,  that  these  rocks  aU  consiBt  of  stnia 
lying  between  the  base  of  the  Silurian  and  the  beginning  of  the  Coal-measures." 

On  page  94,  in  a  note,  occurs  the  statement— of  historical  interest  and  therefore 
hero  cited — that  staurolite  and  some  other  minerals  "  mark  with  the  same  unerriof 
certainty  the  geological  relations  of  this  rock  [a  mica  schist  passing  through  cm- 
tral  New  England]  as  the  presence  of  PerUomerus  oblongus.  P.  gtdeahis,  Spiriffr 
Niagarensis,  S.  macropleura,  and  their  respectively  associated  fossils,  do  tlic  rela- 
tions of  the  several  rocks  in  which  they  occur."  It  was  a  valuable  suggestion  it 
the  time,  but  one  that  the  establishment  of  the  facts  just  cited  from  p.  83  has  now 
set  aside. 

In  1867,  two  years  before  the  publication  of  Vol.  Ill  of  the  N.  Y.  Paleontology, 
cited  from  above,  Professor  Hall  delivered  an  address  before  the  American  Asso- 
ciation at  Montreal.  The  writer  was  absent  and  never  learned  anjrthiDg  about  its 
contents;  it  was  never  publislied.  In  1882.  only  six  years  since,  appeared  a 
pamphlet,  of  forty  pages,  entitled  "  Contributions  to  tlio  Geological  History  of  the 
American  Continent.  The  Address  of  the  retiring  President  delivered  before  th? 
first  Montreal  Meeting  of  the  American  Association  for  the  Advancement  of 
Science,  August,  1857,  by  Jamks  Hall."  A  note  to  the  title  is  appended  in 
which  the  author  says:  "The  original  manuscript  of  his  Address"  *' has  been 
copied  without  any  supervisiori  by  him  or  any  changes  suggested  by  him."  This 
publication  of  the  Address  cannot  claim  to  have  historical  value  and  hem^ 
demands  no  notice  liere;  for  it  camo  out  twenty-Jire  years  after  date.  It  has  oo 
scientific  importance;  for  the  subjects  presented  are  much  more  fully  and  more  sat- 
isfactorily discussed  in  the  r*G  quarto  puges  of  the  valu;«ble  Introduction  to  Vol.  Ill, 
above  mentioned,  all  of  whicli  is  Professor  Hall's,  and  besides  is  two  years  later 
than  the  Address.  In  the  Appendix  to  this  pamphlet  on  p.  68,  it  is  stated  tliat 
"the  Address  has  been  facetiously  criticised  as  proposing  a  sysiem  of  monntJiin- 
makinL'  with  the  [origin  of  the]  mountains  left  out"  Accordingly,  the  Addrm, 
although  it  had  never  been  published,  had  on  one  subject  been  •*  facetiously  criti- 
cised.'' Tlie  criticjil  remark  referred  to  occurred  in  volume  xlii  (1866.  p  210)  of 
this  Journal,  in  a  note  on  views  published  by  Professor  Hall  in  his  Volume  111,  a 
is  stated  in  the  note,  and  had  no  reference  to  the  unpublished  and  wholly  un- 
known Address.  Some  officious  friend  has  made  a  slip  here;  Professor  Hall 
could  not  have  so  forgoiteri  himself.  The  pamphlet  closes,  following  this,  wiih 
two  pages  of  •'  Notes  on  Pmfessor  James  Hall's  Address  by  T.  Sterry  Hunt." 

*  Manual  of  Geolopry  by  K.  Hlmmons,  290  pp.  Hvo.  Philndelphia,  1860;  see  p.  88. 
Also  C.  I).  Walcott  on" Cambrian  Faur.as,  2d  paper.  Bull.  No.  30,  U.  S.  G.  S..  1886. 
p.  1G7.  The  name  Pa radoxides  asaphoides  is  given  by  Professor  Kmmons  for  the 
figure  on  page  87.  as  if*  his  first  intention  was  to  have  inserted  his  old  figure  of 
ElUptocephalus  asaphoides,  but  afterward  decided  to  insert  a  figure  of  the  new 
species.  The  name  P.  brachycephalus  is  changed  to  P.  macrocephalus  in  a  second 
issue  of  the  Manual  (1800),  both  under  the  cut  on  page  88  and  in  a  note  to  pag& 
280,  and  the  corrected  name  is  cited  by  Mr.  Walcott 

f  Rep.  Geol.  Vermont,  p.  367. 

i  Bull.  U.  S.  G.  S.,  No.  30. 
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Olentis  belong  to  his  Primordial  zone  or  are  Sub-silurian  in 
Bohemia.  In  this  respect  our  Paradoxides  are  also  Sab- 
silarian :  and  hence  it  has  been  shown  that  the  Primoj'.dial 
zone  in  Bohemia  is  in  coordination  with  the  upper  series  of  the 
Taconic  rocks."  Professor  Emmons's  letters  to  Mr.  Marcou 
written  in  1860  and  pablished  by  the  latter  in  the  Proceedings 
of  the  American  Academy  for  1884,  show  that  he  meant  here 
to  emphasize  **  Upper "  Primordial ;  for  he  protests  that  onljjr 
a  smair  part  of  his  system  is  coincident  with  Barrande's  Pn- 
mordial. 

1860  to  1863.— The  years  1860  to  1863  were  epochal  in  Ta- 
conic Histoiy.  Great  light  was  let  in  upon  the  system  by 
letters  of  August,  1860,  from  Barrande,  tne  eminent  paleon- 
tologist of  the  Silurian  of  Bohemia,  addressed  to  Professor 
Bronn  of  Heidelberg  and  Mr.  Marcou  of  Cambridge,  Mass., 
and  also  from  a  memoir  read  by  him  before  the  Geological 
Society  of  France.  Having  before  him  the  figures  and  descrip- 
tions of  the  Georgia  trilobites,  referred  to  above,  received  from 
Mr.  Billings,  he  pronounced  them  unquestionably  Primordial, 
thus  confirming  the  decision  of  Professor  Emmons  just  men- 
tioned. 

But  Barrande,  adopting  in  his  Memoir  in  full  the  views  of 
Emmons  on  the  Taconic  system,  and  regarding  the  Primordial 
fossils  as  really  characteristic  of  a  great  Taconic  system  of  rocks 
extending  far  below  the  Olenus  or  Paradoxides  zone,  speaks  of 
the  Taconic  as  the  American  Primordial — his  own  system  under 
unusual  development — a  view  not  satisfactory  to  Professor 
Emmons,  for  he  had  in  contemplation  for  his  Lower  Taconic 
much  greater  depths,  something  like  the  unsounded  Huronian, 
equivalency  with  which  he  thought  he  could  make  out.*  And 
thus  confusion  was  introduced   by   Barrande  along  with  the 

♦  Barrande's  letters  are  addressed — Paris,  July  1 6,  1 860,  to  Professor  Bronn  of 
Heidelberg,  and  Aua^ust  14th,  I860,  to  M.  J.  Marcou.  They  were  read  before  the 
Boston  Soc.  Nat.  Hist,  in  October,  1860,  and  are  published  in  the  Proceedings, 
vol.  vii,  371  ;  also  in  this  Journal,  fl,  xxxi,  210,  1861,  with  an  omission  of  Mr. 
Maroon's  name  because  of  its  unmentioned  omission  on  the  part  of  the  sender 
(from  Canada)  of  the  communication ;  also  in  the  Geol.  Rep.  Vermont  (with  the 
same  omission)  p.  377 ;  and  also,  with  other  letters,  in  Mr.  Marcou's  paper  in  the 
Proa  Amer.  Acad.,  vol.  xii;  see  page  411.  In  this  Journal  and  in  the  Vermont 
Report  the  letters  are  followed  by  letters  to  M.  Barrande  from  Logan  and  from 
Hall;  also  in  the  Boston  Proceedings,  vol.  vii,  and  also  vol.  viii,  2H9,  by  remarks 
of  Mr.  Marcou,  giving  his  view  of  the  bearings  of  the  facts  on  the  Taconic  sys- 
tem of  Emmons,  with  some  additional  facts.  Barrande's  Memoir  referred  to 
above  is  entitled,  *'  Documents  anciens  et  nouveaux  sur  la  Fauna  primordialo  et  le 
Bystdme  Taconique  en  Amcrique,"  and  was  presented  to  the  Geological  Societj*  of 
Franco,  Nov.,  1860,  and  Feb.,  1861. 

Barrande's  letters  appeared  also  in  the  Canada  Nat.  and  Geol.  for  1861.  The 
facts  show  that  some  person  connected  with  the  GeoIo$;ical  Survey  of  Canada  is 
aooonntable  for  the  "omission"  above  referred  to.  Mr.  Marcou's  paper  of  1884 
gave  the  editors  of  this  Journal  their  first  knowledge  of  it. 
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light  It  would  not  have  been  so,  we  are  sure  from  his  care- 
ful Bohemian  work,  had  he  been  within  reach  of  the  strati- 
graphical  problem,  for  he  would  have  withheld  his^neral 
conclusion  until  he  had  investigated  the  region  of  the  Taoonic 
rocks. 

Trouble  came  in  1860  again  through  the  recognition  by 
Logan  of  the  Quebec  Group  in  Canada — based  on  ^ssils  from 
the  vicinity  of  Quebec,  that  corresponded  in  age  apparently  to 
the  combined  Calciferous  and  Chazy  Groups.*  For  this  step 
was  followed  by  Logan's  announcing,  without  previously  mak- 
ing a  careful  stratigraphical  study  of  the  region,  that  the 
Taconic  slates  and  limestone  were,  for  the  most  part  at  least, 
of  the  Quebec  Group. 

Light  came  in  again  through  the  Vermont  Geological  Sur- 
vey ;f  (1)  by  the  discovery  of  fossils  of  undoubted  Silurian  a^ 
at  several  localities  in  the  Stockbridge  (Eolian)  limestone  of 
Vermont,  the  Report  says  (p.  421)  Silurian,  Devonian,  and 
possibly  Carboniferous) ;  (2)  by  the  exhibition  of  the  topo- 
graphical relations  of  the  rocks  on  the  colored  geological  map 
of  Vermont ;  and  (3)  through  the  stratigraphical  sections  across 
the  limestone  and  slates,  making  in  Mt.  Anthony,  Mt.  Equinox, 
Spruce  Peak,  Mt.  Eolus  or  Dorset  and  Danby  Mountain  the 
slates  to  lie  in  synclines  with  the  limestone  underneath,  precisely 
as  had  been  proved  for  Greylock  by  Emmons.  Here  at  ooe 
stroke,  Emmons  was  sustained  in  his  stratigraphy  as  regards 
his  "  Lower  "  Taconic,  and  shown  to  be  probably  wrong  in  his 
conchision  as  to  the  pre-Potsdam  age  of  the  limestone,  and 
part  at  least  of  the  slates.  No  definite  conclusion  was  reached 
by  the  survey  as  to  the  age  of  the  quartzyte,  opinion  varying 
between  Potsdam  and  Medina.! 

*  Sir  Wm.  Logan,  Remarks  od  the  Fauna  of  the  Quebec  Group  of  Rooks  and 
the  Pninordial  Zone  of  (,'anada,  Jan.,  1,861,  Letter  to  Barrande,  this  Journal  11 
xxxi.  UiG,  1801;  Considerations  relating  to  the  Qiiebec  Group,  Cao.  Nat.  and 
Geol.,  p.  199,  May,  1801. 

Mr.  Billings  first  observed  the  peculiar  features  of  the  fossils  of  the  so-called 
Qiu'lu'c  Group  in  May,  18G0  (Geol.  Rep.  Can.,  1863,  p.  viii),  and  the  Canadian 
Nat.  an«l  iteol.  for  1860  contains  his  earliest  descriptions  of  the  fossils,  afterward 
given  in  full,  with  an  account  of  the  rocks  by  Logan  in  the  Can.  GeoL  Rep.  for 
18«).'{.  and  more  completely  in  Billings's  Paheozoic  fossils,  vol.  I. 

f  Rep.  (Jeol.  Vermont  by  E.  Hitchcock,  E.  Hitchcock.  Jr.,  A.  D.  HagerandC 
II.  llitciiciH'k.  IS61.  In  a  note  published  in  the  Proceedings  of  the  Boston  N.  H. 
Soc ,  vol.  xxiv.  1888,  Prof.  C  H.  Hitchcock  states  that  the  printing  of  the  Report 
connnon<v<l  in  IStJl.  and  was  all  completed  that  year,  excepting  the  Appendix  on 
"  LowtT  .Silurian  fo.-asils"  by  E.  Billings. 

J  Ibid.  pp.  :^*)<'),  500.  On  the  latter  page,  the  opinion  is  cited  from  Professor 
Hall.  b.i>ed  on  the  discovery  of  a  species  of  Liiigula,  that  the  quartzyte  is  ** of 
the  ago  of  the  ("lititim  Group  or  of  the  Medina  Group.''  Upper  Silurian  (orraations. 
Bearing  on  the  history  we  find  in  the  Proc.  Boston  Soc.  X.  H.,  vii,  237,  1860,* 
note  by  I'lofossor  \V.  B.  Rogers,  in  which,  in  view  of  the  reference  to  the  Media* 
group,  he  cites  approvingly,  from  a  manuscript  pa|)er  of  his  written  in  1851,  pan- 
graphs  sustaining  the  Medina  age  of  the  Vermont  Quartz^-te  and  Red  Sandrock. 
The  latter  rock  Emmons  never  included  in  the  Taconic. 
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But  along  with  the  light  from  Vermont,  doubts  entered 
through  the  reference  of  some  of  the  fossils  of  the  limestone  to 
the  T^per  Silurian  and  perhaps  Devonian,  and  the  use  made  of 
the  few  fossils  of  the  Quartzyte.  The  facts  were  partly  righted 
in  1862  by  Mr.  Billing,  the  paleontologist  of  Canada,  who  re- 
viewed the  Vermont  Keport  in  this  Journal,  and  claimed  that 
"the  evidence  of  the  fossils  furnishes  no  reasonable  ground  for 
placing  the  formation  above  the  Lower  Silurian."* 

Accepting  the  stratigraphical  sections  in  the  Vermont  Report 
as  teaching  what  thev  appear  to  teach,  and  recognizing  the 
Lower  Silurian  age  oi  the  fossils  from  the  limestone,  and  accept- 
ing also  Barrande's  confirmation  of  Emmons's  decision  as  to  the 
Primordial  relations  of  the  *'  Black  slate"  trilobites,  the  general 
bearing  of  the  facts  made  known,  during  this  epoch  of  progress 
and  drawbacks,  could  hardly  be  mistaken. 

At  this  time  the  first  edition  of  the  writer's  Manual  of  Geol- 
ogy t  was  published.  The  preface  bears  the  date  of  the  close 
01  the  printing,  November  1,  1862.  The  Potsdam  period  in 
American  Geologj'^  had  already  become  expanded  into  the 
Primordial  by  the  discovery,  six  years  before,  near  Boston,  of 
specimens  of  Paradoxides  HarlaniX  and  by  facts  received 
from  abroad;  and  it  is  designated  in  the  work  (pp.  169, 
171)  the  "Potsdam  or  Primordial  Period,"  and  made 
the  equivalent  of  the  era  of  the  Paradoxidq^  and  other 
Primordial  beds  of  Scandinavia  and  Bohemia,  as  well  as  of  that 
of  the  Lingula  Flags  and  underlying  Cambrian  of  Great  Britain. 
Moreover,  Paradoxides^  Olenus^  and  other  Lower  Cambrian 
genera  are  cited,  and  A  Ilarlani  appears  among  the  figured 
species.  Barrande's  determinations  of  the  Georgia  Slate  Trilo- 
bites, making  them  and  the  beds  containing  them  Primordial, 
are  recognized  by  mentioning  the  beds  and  fossils  among  the 
facts  of  the  "  Potsdam  or  Primordial  Period" — conforming  in 
this  to  the  decision  of  Emmons  as  well  as  Barrandei 

The  Vermont  discoveries  of  fossils  in  the  EoHan  limestone 
had  proved  that  the  limestone  and  the  overlying  slates  were 

♦  E.  Billings,  this  J.,  II.,  xxxiii,  416,  1862. 

In  1870  the  chief  diyisions  in  the  geology  of  Vermont  were  briefly  stated  by 
Prof.  G.  H.  Hitchcock  in  a  folio  of  six  pages  bearing  the  date  of  March  1st.  His 
further  study  of  the  State,  in  connection  with  the  work  of  the  Canadian  Survey, 
had  led  him  to  refer  at  this  time  the  Kolian  or  Stockbridge  limestone  and  associa- 
ted slates  to  the  Quebec  group,  and  the  Quartzyte,  lied  Saodrock  and  the  Georgia 
slates  and  Black  slate  to  the  Potsdam  or  Primordial,  the  last-mentioned  the  oldest. 

f  Manual  of  Geology  by  James  D.  Dana,  798  pp.  8vo,  illustrated  by  a  chart  of 
the  world  and  over  200(»  figures.     Philadelphia,  1863. 

X  W.  B.  Rogers,  this  J.,  II.  xxii,  296,  1856,  from  a  letter  to  J.  D.  Dana  of  August 
13.  Prof.  Rogers  compares  the  fossil  witli  the  P.  spinosus  of  Barrande,  and  identi- 
fies it  with  the  P.  Harlani  of  Green.  Mr.  Green's  cast  of  a  specimen  of  unknown 
locality,  had  been  widely  distributed,  aud  had  readied  Barrande.  He  also  shows 
by  Green's  description  of  the  rock,  that  his  specimen  was  probably  of  the  same 
locality. 
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later   rocks  than   the  PrimordiaL  at  least   as  late   as  Lower 
Silurian;    and  hence  the  term  Taconic  could  not  have  been 
substituted  for  Primordial,  as  only  a  small  part  of  the  syBtem 
was  Primordial :  the  name  belonged  bv  first  right  to  the  origi- 
nal Taconic  of  1842.     The  Primordial  addition  to  the  top  of 
the  Taconic  column  made  by  Emmons  in  1844  was  rectified 
by  simply  recording  the  facts  in  their  proper  places.     The 
Eolian  or  Stockbridge  limestone  and  other  "Lower"  Taconic 
rocks   are  mentioned  in    the   Manual   under   the  Calciferons 
(pp.   175,  176)   in   connection   with   remarks  on  the  Quebec 
group ;  but  it  is  added  that  "  fossils  probably  of  the  Trenton 
period   occur   in  the  Vermont   limestone";    and    on   p.  391, 
evidence   in   favor   of   a   Trenton   rather  than   a  Calciferoos 
or   Quebec  a^e   is   presented,  based  on  the  facts  from  the 
Vermont  Geological  Survey  and  the  remarks  by  Billings. 

By  the  close  of  the  year  1 862,  therefore,  the  Black  slates  of 
the  '* Upper"  Taconic  had  reached  their  right  place  in  a  Geo- 
logical Manual.  There  remained  however  to  be  yet  made  out 
their  particular  horizon  in  the  Cambrian,  the  particular  periods 
of  the  Lower  Silurian  represented  in  the  Stockbridge  limestone, 
and  the  age  of  the  quartzyte. 

1865  to  1872.— In  May,  1870,  Rev.  A.  Wing,  of  Vermont, 
collected  fossils  from  the  limestone  at  West  Rutland  "not  100 
yards  from  an  abandoned  marble  quarry,"  which  were  sent  a  year 
,  later  (June,  1871),  to  Mr.  E.  Billings,  of  Montreal,  who  reported 
upon  them  in  this  Journal  for  1872,  pronouncing  them  probablj 
Chazy.*  Mr.  Wing  had  been  exploring  since  1865,  in  order  to 
"  ascertain  if  possible  the  geological  age  of  the  limestones,  slates 
and  quartzite,"  and  relied  on  Mr.  Billings  for  the  determination 
of  his  fossils.f  In  1867,  Mr.  Billings  identified  for  him  Asaphus 
canalis,  two  or  three  8])ecies  of  Bathyurus^  Maclurea  ftrntu- 
tina^  from  the  limestone  in  Cornwall,  Vt,  and  made  the  species 
Calciferous.  The  same  year  he  found  the  Trenton  fossil 
Trinucleus  co/ice/Uricufi  in  pla^ie  ''in  great  abundance"  in 
Sudbury;  also  about  this  time  or  between  it  and  1872,  he  found 
"  Bathyurus  fSaffordi,  a  Quebec  Group  trilobite  "  in  East  Corn- 
wall; Bathyurus  extan^^  a  Birdscye  species,  Cohimnaria 
alveolafa^  a  Black  River  species,  and  the  Trinucleu^^  east  of 
Shoreliarn  ;  and  confirmatory  species  as  to  the  Calciferous  as 
well  as  the  later  periods  from  other  localities. 

By  1872,:]:  Mr.  Wing  had  established  one  of  the  points  he  had 
in  view,  that  the  limestone  was  not,  as  Logan  had  held,  of  the 
Quebec  group,  or  of  Calciferous  and  Chazy  only,  but  embraced 
the  Trenton  also,  and  apparently  all  the  Lower  Silurian  forma- 

*  K.  Billings,  this  J.,  III.  iv.  133,  1872. 

\  A.  Wing,  this  J.,  II,  xiii,  332,  405,  1877. 

%  This  J.,  Ill,  iv,  1872  ;  and  for  his  concluBions,  p.  414. 
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tions  from  the  Calcif erous  to  the  Trenton ;  and,  conseqaently,  he 
had  made  it  certain  that  whatever  slates  were  really  overlying 
were  of  Utica  or  Hudson  age. 

In  1869,  an  article  by  rrof.  J.  B.  Perry  appeared  in  this 
Jonmal,  sustaining,  by  the  results  of  his  observations  in  Ver- 
mont, the  Taconic  system  as  presented  by  £mmon&  As  its 
Srincipal  stratigraphi6  points  have  now  been  disproved  by  the 
iscovery  of  fossils,  and  evidence  of  the  existence  of  faults  and 
flexures  which  he  misunderstood,  it  need  not  be  noticed  here. 

1872  to  1886.— In  1871  the  writer  entered  the  field,  believing 
that  the  Chazy  fossils  of  West  Rutland — the  only  part  of 
Wing's  discoveries  then  published — and  the  earlier  discoveries 
of  the  Vermont  Survey,  made  the  region  a  good  and  certain 
base  for  a  determination  of  the  age  of  the  Massachusetts  and 
more  southern  portions  of  the  Taconic  rocks,  as  well  as  of  the 
Vermont  portion,  and,  thence,  of  the  age  of  the  schists  through- 
out the  Taconic  Range.  My  purpose  was  (1)  to  prove  the  con- 
tinuity from  north  to  south  of  tne  three  associated  Taconic 
formations,  the  quartzyte,  the  limestone  and  the  slates  or 
schists ;  also  (2)  to  work  out  the  svstem  of  flexures ;  (3)  to  ascer- 
tain whether  the  Taconic  Mountains  were  generally  or  not  of 
synclinal  structure,  as  they  were  made  by  Rogers,  Mather  and 
Hall,  and  in  18(54  by  Logan  ;*  (4)  to  settle  the  question  as  to  con- 
tinuity from  east  to  west  of  the  limestone  of  the  different 
north-and-south  belts ;  (5)  to  apply  the  evidence  from  fossils, 
making  them  the  sole  basis  for  fixing  the  age  of  the  beds ;  and 
finally  (6),  to  use  the  evidence  of  the  age,  thus  obtained,  for 
the  determination  of  the  age  of  the  hydromica  schists,  chloritic 
schists,  gametiferous  and  staurolitic  schists,  and  other  rocks  of 
the  Taconic  M6untains,  and  thus  test  the  value  of,  or  give 
greater  precision  to,  the  assumed  ^' lithological  canon  "  first  pro- 
pounded by  Prof.  Emmons  (p.  414).  My  work  was  continued 
in  Western  New  England  and  Eastern  New  York  at  intervals 
from  1871  to  the  close  of  the  season  of  1886.  In  1876  I  ac- 
companied Mr.  Wing  on  a  Vermont  excursion,  visiting  besides 
other  places,  the  West  Rutland  region  of  fossils  in  the  lime- 
stone; a  locality  of  small  Orthocerata,  apparently  Calcif  erous, 
in  the  limestone  two  miles  north  of  Middlebury,  which  Mr. 
Wing  figured  ;t  and  the  region  of  the  Snake  Mountain  over- 
thrust  fault  which  he  well  understood.^ 

By  1878,  the  problem  began  to  receive  new  light  from  the 
discoveries  of  fossils  outside  of  Vermont.  In  1878,  Mr.  T.  N. 
Dale  announced  Brachiopods  of  the  Hudson  Group  in  the  Pough- 
keepsie  Taconic  slate.§    In  1878,  Professor  Wm.  B.  Dwight 

♦This  J.,  II,  mix,  96,  1865. 

f  A.  Wing,  this  J.,  Ill,  ziii,  406,  1877,  where  the  Orthocerata  are  figured. 

t  Ibid.,  p.  413. 

§Dale,  this  J.,  Ill,  xvii,  57,  1879. 
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began  his  numerous  discoveries  of  Trenton  and  Calciferou 
fossils  in  the  belts  of  "  Sparry  limestone "  of  Dutchess  Co, 
N.  Y.,  which  he  has  continued  to  1888;*  and  in  1885  and 
1886  made  other  discoveries  in  the  '^ Sparry  limestone"— 
strictly  the  southern  part  of  the  Eolian — ^in  Canaan,  ColumbU 
Co.,  1^,  Y.,  just  west  of  the  Taconic  Range.f  Thus  the  evi- 
dence of  the  Lower  Silurian  age  of  the  limestone  and  slate  went 
on  accumulating.  Further,  both  Hudson  River  and  pre-Pots- 
dam  Cambrian  fossils  were  reported  by  Mr.  S.  W.  Ford  from 
the  east  border  of  the  Hudson  near  Schodack  landing,^  ^ 
Upper  Cambrian  by  Professor  Dwight  near  Pougbkeepde,! 
both  being  cases  of  the  uplift  of  Cambrian  beds  along  a  fault 
Professor  Dwight  found  the  Hudson  shales  to  be  the  prevail- 
ing rock  in  Dutchess  County;  also  that  it  was  intersected  by 
numerous  faults :  Potsdam  occurring  faulted  against  Trenton, 
against  Calciferous  and  against  Hudson  shales ;  and  the  Cal- 
ciferous  against  Trenton  and  Hudson  shales.  Again,  in  1886, 
Mr.  I.  P.  Bishop,  of  Chatham,  Columbia  Co.,  N.  Y.,  eight 
miles  southwest  of  Canaan,  announced!  the  occurrence  of 
Hudson  group  graptolitic  schists  and  fossiliferons  Trenton 
limestone  at  that  place,  and  the  continuation  of  the  bed8«Dorth- 
ward  to  the  borders  of  Rensselaer  Co.,  N.  Y.,  and  south  to 
Ghent — facts  that  bore  on  the  age  of  the  "  Taconic  slate "  of 
Emmons  not  only  for  Columbia  County  but  also  for  the  region 
north. 

My  papers  appeared  in  this  Journal  in  1872,  1873,  1877, 
1879,  1880,  1884,  and  finally  in  1885  and  1886,  the  series  was 
continued,  with  new  results,  and  the  completion  of  a  geological 
map  of  the  limestone  areas  of  the  Taconic  region  east  and 
west  of  the  Taconic  Range  from  Northern  Bennington  in 
Vermont  to  the  soutliem  limit  of  Canaan  and  Salisbury,  Conn. 
It  is  not  necessary  to  mention  here  conclusions.  I  was  slow  in 
reaching  any  positive  conchision  about  the  age  of  the  (Juartzyte 
because  of  the  non-discovery  of  fossils,  which  I  made  the  only 
reliable  evidence  of  age.  But  in  1884  discovering  chondro- 
ditic  limestone  in  eastern  Berkshire  as  evidence  of  the  presence 
of  Archsean,  I  made  out  an  eastern  quartzy  te  as  Potsdam  or  Cam- 
brian, leaving  the  quartzyte  that  alternates  with  the  schists 
and  liaiestone  in  the  center  of  the  Taconic  limestone  region, 
still  in  doubt.  But  tlie  evidence  was  not  suflScient  to  prove 
that  there  was  a  continuous  belt  of  Archsean  along  eastern 
Berkshire  and  the  Green  Mountain  Range  to  the  nortn,  so  that 

•W.  B.  Dwight,  this  J.,  Ill,  xvii,  H89,  1879,  xix.  50,  451,  1880,  xii,  78,  1881, 
xxvii,  249,  1884. 

t  W.  B.  Dwight,  this  J.,  xxxi,  248,  1886. 

is.  W.  Ford,  this  J.,  Ill,  xxviii,  35,  206,  242,  1884,  xxix,  16,  1885. 


f 


W.  B.  Dwight,  this  J.,  Ill,  xxxi,  125,  1886,  xxxiv,  27,  1887. 
I   P.  Bishop,  tills  J.,  xxxii,  438,  1886. 
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of  the  mica  scliist  and  gneiss  remained  in  donbt,  as,  for 
iple,  that  of  Hoosic  Mountain  east  of  !North  Adams,  and 
of  Mt.  Mansfield  in  the  Green  Mountains,*  not  knowing 
ther  to  pronounce  them  of  the  age  of  the  Taconic  Grey- 
schists  which  they  closeljr  resemble,  or  of  that  of  the 
jts  in  the  Quartzyte  formation,  or  of  Archaean  age — think- 
the  last  the  least  probable.t 

1  1884  Professor  C.  H.  Hitchcock  published  an  account  of 
sections  made  by  him  across  Vermont  and  New  Hamp- 
3,  sustaining  essentially  his  former  conclusions  as  to  the 
er  Silurian  age  of  the  limestone  and  slates,  making  the 
an  Umestone  Lower  Silurian4 

ther  papers,  besides  those  that  have  been  mentioned,  ap- 
ed during  the  thirty  years  from  1855  to  1886,  but  none  of 
ortance  tnat  were  the  direct  result  of  investigation  of  the 
>nic  region  apart  from  what  appeared  on  Northern  Ver- 
it  and  Canada.  Articles  on  the  Taconic  system  by  Dr.  T. 
ry  Hunt  have  come  out  from  time  to  time  since  his  first 
849  giving  the  views  he  had  adopted  ;  views  that  were 
Qgly  opposed  to  Professor  Emmons  for  nearly  thirty  years, 
£)r  the  last  ten,  from  1878  to  1888,  as  strongly  or  a 
B  more  so,  in  favor  of  the  Taconic  system  and  in  contest 
I  the  facts  that  were  fast  accumulating  against  it.  As  the 
iments  and  conclusions  presented  were  at  no  time  based  on 
awn  investigations  in  the  Taconic  region  there  has  been  no 
ision  to  cite  from  his  papers. 

?^7,  1888.— In  1886  Mr.  Charles  D.  Walcott,  the  excellent 
fontologist  of  the  United  States  Geological  Survey,  com- 
iced  the  study  of  the  Taconic  slates,  limestone  and  quartz- 
of  Northern  and  Southern  Vermont  and  the  adjoining 
aties  in  New  York ;  and  in  1887,  he  continued  his  work 
•hward  into  Williamstown  in  Massachusetts  and  to  Berlin, 
;hwest  of  Williamstown,  in  eastern  New  York.  He  added 
«ly  to  the  number  of  known  Cambrian  fossils  of  the 
►rgia  region  in  Vermont  and  of  Washington  County  in 
V  X  ork  besides  studying  the  stratigraphy ;  made  many  new 
overies  of    fossils  in  southern  Vermont,   finding  in   the 

lit.  Mansfield  is  the  odIj  peak  of  the  Green  Mountains  which  I  have 
ided. 

?he  quartzyte  regions  of  (1)  Washington,  Mass.,  southeastern  Pittsfield  and 
'm  Lenox,  (2)  the  eastern  border  of  Tyringham,  Mass.,  (3)  the  southern  border 
anaan,  Ct,  adjoining  Cornwall,  and  (4)  the  northern  border  of  high  eastern 
on,  Ct.,  near  Salisbury,  where  there  are  quarries,  are  among  the  best  locali* 
for  the  study  of  transitions  in  the  quartzyte  toward  gneiss ;  they  were  to 
been  my  field  of  work  in  1887,  and  failed  to  be  so  because  of  my  sudden 
>  to  the  Hawaiian  Islands. 

\  H.  Hitchcock,  34  pp.  8vo,  with  2  plates,  Ck>ncord,  N.  H.,  1884.  Bull, 
r.  Mus.  N:  Hist,  i,  no.  5,  p.  165,  1884;  a  note  to  the  title  says,  "This  artide 
prepared  in  1882." 
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Stockbridge  (Eolian)  limestone  Trenton  fossils  within  half  a 
mile  of  the  Mafisachusetts  line  in  Pownal ;  other  Lower  Silo- 
rian  fossils  on  both  sides  of  Mt.  Anthony,  three  miles  south  of 
Bennington,  a  Trenton  crinoid  included ;  Trenton  fossils  in 
Williamstown,  at  the  Hopper,  at  the  west  foot  of  Greylock  and 
others  in  Berlin  south  of  South  Berlin ;  and  at  Hooeic  Falb 
in  Rensselaer  Co.,  New  York,  west  of  Bennington,  Trenton 
fossils  again.* — The  results  warrant  full  confidence,  he  says,  in 
the  Calcifeious-Trenton  age  of  the  limestone.  Farther,  in  the 
slates  at  Hoosic  he  obtained  Graptolites,  as  had  long  before 
been  found,  of  Hudson  age.  In  tiie  study  of  the  qnartzyte  of 
Vermont,  specimens  in  tne  Amherst  cabinet  (Amherst,  Mass.) 
afforded  him  the  species  Nbtho2oe  Vermontanay  OlenMui 
TAo7np8oni  and  Hyolithes  communis  /  the  quartzy te  mountain, 
two  miles  east  of  Bennington,  Vt.,  gave  him  specimens  of 
Nothozoe^  OUneUua  and  Hyolithes^  and  the  quartzyte  of  the 
west  summit  of  Clarksburg  Mountain  or  Oak  Hill,  on  the 
borders  of  Williamstown,  an  Olenellus.  These  disco veriee 
were  preceded  in  1886  by  finding,  along  with  Professor  Dwight, 
HyolitheUus  mieans  in  the  limestone  resting  on  the  qnartzyte 
of  Stissing  Mountain  in  Dutchess  Co.,  N.  Y.  (the  quartzjte 
referred  to  by  Professor  Emmons),  and  heads  of  Olendlui 
Thompsoni  at  the  same  place  in  the  quartzyte  itself. 

The  colored  map  accompanying  his  paper  in  volume  xxxv 
(1888)  of  this  Journal  has  the  above  mentioned  localities  of 
fossils  indicated,  and  also  those  of  Cambrian  age  within  the 
area  of  the  Taconic  slates  over  eastern  New  York  and  the 
borders  of  Vermont.  The  fossils  are  positive  evidence  of  the 
age  of  the  slates  at  the  localities  where  they  occur.  But  how 
far  the  slates  away  from  the  localities  are  Cambrian,  or  how 
far  they  are,  instead,  of  the  Hudson  group,  with  faults  here 
and  there  bringing  up  Cambrian,  in  Eastern  New  York,  as  in 
Dutchess  County,  remains  yet  to  be  ascertained.  The  doubt 
does  not  affect  the  general  conclusion  from  the  facts.  Further, 
Mr.  Walcott  made  out  that  the  quartzyte  formation,  and  the 
Bald  Mountain  and  Georgia  slates  were  alike  in  belonging  dis- 
tinctivelv  to  the  Olenellus  section  of  the  Cambrian. 

These  discoveries  of  Mr.  Walcott  afford  the  first  demonstra- 
tion of  the  age  of  the  quartzyte,  and  give  new  precision  to 
our  knowledge  of  the  age  of  the  Greorgia,  Bald  Mountain  and 
associated  slates.  Besides  this,  they  give  full  completeness  to 
the  proof,  that  had  been  for  years  accumulating,  of  the  Lower 
Silurian  age  of  the  Taconic  limestone.  They  show,  moreover, 
that  the  Primordial  beds  constituting  Emmons's  "  Upper'' 
Taconic,  on  account  of  which  the  terms  Primordial  and  Ta- 
conic have  by  some  been  thought  to  be  rightful  synonyms,  are 

♦C.  D.  Walcott,  thi3  Journal,  III,  xxxiv,  187,  1887,  xxxv,  229,  307,  394,  18M. 
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ily  outcrops  of  the  Cambrian  formation  of  the  "Lower" 
iconic  ;  that  the  "  Lower "  Taconic  includes  the  "  Upper " 
d  is  therefore  all  there  is  of  Taconic. 

It  is  thus  finally  made  positive  that  the  Taconic  system  is 
»t  a  pre-Silurian  system,  and  that  the  claiming  for  its  equiva- 
Qcy  with  the  Huronian  was  but  a  leap  in  the  dark.  It  is 
Einifest,  in  fact,  that  "  Taconic  system  "  is  only  a  synonym  of 
e  older  term  "  Lower  Silurian,"  as  this  term  was  used  by 
ologists  generally,  twenty,  thirty  and  forty  years  since,  and 
^  many  writers  till  a  much  later  date. 

It  is  almost  fifty  years  since  the  Taconic  system  made  its 
rupt  entrance  into  geological  science.  Notwithstanding  some 
K)d  points,  it  has  been,  through  its  greater  errors,  long  a  hin- 
ance  to  progress  here  and  abroad.  It  has  also  been  a  pro- 
Dter  of  investigations  of  wide  bearing  and  influence.  But, 
lether  the  evil  or  the  good  has  predominated,  we  may  now 
>pe,  while  heartily  honoring  Professor  Emmons  for  his  earnest 
ological  labors  and  his  discoveries,  that  Taconic  ideas  may  be 
owed  to  be  and  remain  part  of  the  past. 

I84H888. 


FIT.    XLIII. — Certain   Generic  Electrical  Relations  of  the 
Alloys  of  Platinum  ;^  by  C.  Barus. 

If  the  specific  electrical  repistance  {s)  of  a  metal  be  expressed 
'  s=f{Xy  t)y  where  t  is  the  symbol  of  temperature  and  j[  a 
riable  parameter,  then  the  data  of  the  present  paper  may  be 
id  to  furnish  evidence  of  an  inherent  physical  relation  between 
jf,0)  andy*'(3f,0) — ^i.  e.  the  zero  values  of  s  and  its  first  derived 
nction  with  respect  to  t, — provided  the  largest  admissible 
lue  of  X  ^®  small  in  comparison  with  its  maximum  valua 
dually  variations  of  ;f  are  produced  by  changing  the  qualities 
the  originally  pure  metal  by  small  quantities  of  some  foreign 
gredient,  metallic  or  not.  With  the  understanding  thus  laid 
'^^^  J^'(X'^)//*(Z'^)  ^®  the  succinct  interpretation  of  what  is 
dinarily  called  temperature-coefficient,  and  which  in  the  pres- 
t  paper  will  often  be  denoted  by  a.  Conformably  with  the 
►tation  indicAted  f(Ofi)  and  ,/''(0,0)  are  the  constants  of  the 
lalloyed  metal.  When  this  is  not  thus  explicitly  stated,  I 
11  for  the  sake  of  brevity  use  f{0)  and  J'{0)  in  place  of 
XjO)  andy(;f,0),  respectively. 

^  TbiB  paper  hidicates  the  chief  result  of  the  third  chapter  of  the  Bulletin  on 
)  zneasurement  of  high  temperatures,  to  which  reference  haa  already  been 
de.    (See  this  Journal,  zxxy,  p.  407,  1 888.) 
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The  expression  for  electrical  conductivity  is  here'l//'(jf,  Q,to 
be  abbreviated  A.     If  «=«,(l+a^+/9^*+  . .  .  .)5  it  follows  that 

>l= X^  (1  —  a^ + (a' — ^)f — ) ;  and  hence  the  temperature  coeffi- 

cients,  taken  in  the  sense  just  defined,  are  numerically  identical, 
no  matter  whether  reference  is  made  to  «  or  to  >L 

The  alloys  of  which  the  present  paper  treats  are  all  character 
ized  by  high  melting  points,  and  oy  non-crystalline  structnre. 
Alloys  fusing  below  red  heat  have  not  been  systemadcallr 
investigated,  or  lead  to  involved  results.  The  case  of  amal- 
gams* is  complicated  by  changes  of  the  physical  state  of  aggre- 
gation. Strictly  speaking  investigations  like  the  present  nold 
only  for  those  alloys  for  which  data  are  in  hand.     Cf.  §  3. 

2.  The  advantages  of  selecting  platinum-alloys  for  the  in- 
vestigation in  question  are  manifola.  Melted  platinum  appears 
to  be  a  universal  solvent  of  metals,  and  hence  the  variety  of 
bimetallic  platinum  alloys,  easily  producible,  is  very  great 
Again  one  of  the  remarkable  electrical  properties  of  platinnm 
is  the  tendency  to  form  alloys  of  phenomenally  hign  specific 
resistance ;  and  quite  within  the  limits  stated  in  §1,  an  elec- 
trical effect  of  alloying  amounting  to  as  much  as  500  per  cent 
of  the  specific  resistance  of  platinum,  is  no  unusual  occurrence. 
Finally  platinum  alloys  have  not  yet  been  systematically  studied. 
The  present  contribution  is  therefore  new. 

In  the  case  of  steel  to  which  I  shall  allude  in  passing,  varia- 
tions of  resistance  allied  in  character  to  those  here  discussed 
may  be  produced  by  changes  of  temper.  The  range  of  elec- 
trical variation  here  is  also  very  large,  amounting  to  more  than 
300  per  cent  of  the  resistance  of  soft  steel. 

Phenomena  extending  over  such  an  enormous  range,  and 
which  admit  of  exact  measurement  throughout  the  whole  in- 
terval of  variation,  deserve  most  careful  scrutiny  and  compari- 
son even  in  their  approximate  relations.  But  there  is  further 
evidence  in  hand  of  the  importance  of  which,  when  my  work 
was  in  progress,  1  was  quite  unaware.  I  shall  endeavor  to 
digest  it  in  the  next  paragraph. 

3.  A  research  into  the  relations  of  electrical  conductivity 
and  temperature  makes  up  a  part  of  the  labors  of  Matthiessen. 
In  addition  to  his  well-known  results  for  pure  metals,  Mat- 
thiessenf  and  his  friends  investigate  the  electrics  of  alloys  of 
PbAg,  Sn All,  SnCn,  SnAg,  ZnCu,  AuCu,  AuAg,  PtAg,  PdAg, 
CuAg,  FeAu,  FeCu,  PCii,  AsCn,  and  some  other  metals.  Fn- 
fortunately  not  all  of  these  alloys  are  available  for  the  present 
discussion,  as  Matthiessen's  purpose  seems  rather  to  have  been 
the  exploitation  of  a  great  number  of  series  of  groups  of 
alloys.     On  the  other  hand  it  is  my  purpose  to  examine  the 

*Cf.  C.  L.  Weber:   Wied.  Ann.,  xxiii,  p.  447,  1884;  ibid.,  xxxi,  p.  243,  18«7. 
Batteni:  Beiblatter,  xii,  p.  587,  1888. 
f  Matthiessen  and  Yogt:  Pogg.  Ann.,  czzii,  p.  19,  1864. 
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electrical  behavior  of  as  many  alloys  as  possible  of  one  given 
cronp.  On  perusing  Matthiessen  and  Vogt's  results,  it  appears 
tliat  lead  allgys,*  tin  alloys  and  iron  alloys  will  have  to  oe  ex- 
cluded from  the  present  consideration,  inasmuch  as  the  data 
are  either  insufficient  in  number,  or  lie  too  far  apart  from  each 
other  and  from  the  extremes  of  this  series,  or  because  of 
mechanical  difficulties  encountered  in  making  the  alloys  and 
shaping  the  wires.  There  remain  a  very  full  series  of  copper 
alloys,  viz:  CuSn,  CuZn,  CuFe,  CuP,  CuAs;  a  series  of  silver 
alloys,  viz :  AgAu,  AgPt,  AgPd,  AgCu ;  and  a  few  gold  alloys, 
viz :  AuCu,  AuAg.  In  view  of  the  importance  of  these  data 
I  have  computed  the  following  tabular  statement  of  Matthies- 
sen's  results,  re-arranging  the  data  in  a  way  which  for  my  spe- 
cial purposes  is  expedient.  I  have  also  added  Matthiessen'sf 
results  for  pure,  soft  metals.  In  table  I,  k\  denotes  the  con- 
ductivity in  Matthiessen's  standards  (Ag=='100),  a  the  tempera- 
ture coefficient  of  the  alloy,  of  which  the  composition  is  given 
on  the  same  horizontal  row.  I  have  rounded  off  Matthiessen's 
long  numbers,  because  the  arbitrary  errors  introduced  during 
the  mechanical  preparation  of  the  alloys,  together  with  the 
errors  of  structure  and  hardness  and  the  more  serious  errors  of 
imperfect  homogeneity,  make  the  extreme  accuracy  of  the 
electrical  datum  illusory.  The  table  furthermore  contains  A,, 
the  electrical  conductivity  in  microhms  referred  to  the  cubic 
centimeter.  This  reduction  is  made  by  means  of  mercury  .J 
In  the  last  two  columns  of  table  I,  the  value  of  a  computed  by 
the  formula  a-hm=nX^  and  the  corresponding  errors  are  in- 
serted. Of  these  results  further  mention  will  be  made  below, 
and  I  need  here  only  state  that  the  constants  m  and  n  given  at 
the  end  of  the  table  are  those  which  I  derived  from  all  the 
relevant  observations,  by  the  method  of  least  squares. 

The  compositions  given  are  volume  per  cents,  except  in  the 
cases  of  phosphides  and  arsenides  of  copper  where  mass  per 
cents  are  meant. 

In  interpreting  these  results  by  graphic  methods,  it  is  neces- 
sary to  proceed  with  caution,  for  inasmuch  as  specific  resistance 
enters  into  them  reciprocally,  large  values  of  resistance  will 
only  be  inadequately  represented.  Neverthless,  although  the 
tables  contain  many  such  values,  enough  data  remain  to  exhibit 
the  striking  linear  character  of  the  curves  on  which  the  gold, 
silver  and  copper  points  respectively  lie.     The  initial  tangent 

*  The  metallic  ingredient  present  in  larger  amount  may  be  fitly  used  in  desig- 
nating the  alloy. 

}  Matthiessen  and  t.  Bose:  Pogg.  Ann.,  cxy,  p.  353,  1862. 
Jenkin  who  made  similar  reductions  in  the  case  of  pure  metals  by  means  of 
lead,  arrives  at  somewhat  different  numbers.     A  perfectly  satisfactory  absolute 
table  can  not 'be  deduced. 

Am.  Jour.  Sot.— Tmao  Series,  Vol.  XXXVI,  No.  216— Dec,  1888. 
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Table  I. — Showing  MaUhiesgen  and  VogVs  resuiia/or  the  electrica  ofgoUL,  s&vtr,  <ad 

copper  aUoys. 


Alloy. 


Composi- 
tion. 


Qold 
alloys. 


Au 

AuCu 

AuCu 

AuAg 

AuAg 


1-6  %  Cu 
18-3  %  Cu 
201  %  Ag 
47-9  %  Ag 


79 
561 
16-1 
21-5 
152 


Observed 

1  XoXlO» 

Calculated 

QXlO». 

microhms. 

6a  X  10». 

3-67 

506 

3  69 

2-65 

359 

2-63 

0-75 

103 

0-79 

111 

137 

103 

070 

96 

074 

+  2 

-  4 
+  8 

-  4 


Silver 
alloys. 


Copper 
alloys. 


Ag 
*AgCu 
AgCu 
AgCu 
AgPt 
AgPt 
AgPt 
AgPd 
AgAu 


1-5  %Q\x 

8-2  %  Cu 

46-7  %  Cu 

2-5  %  Pt 

50  %  Pt 

19  7  %  Pt 

23-3  ^.Pd 

19-9  %  Au 


109 

3-82 

79-7 

412  (?) 

80-3 

2-75 

74-9 

2-80 

31-6 

1-24 

180 

0-77 

6-7 

0-33 

8-5 

0-32 

21-7 

0-90 

691 
510 
514 
480 
202 
115 
43 
55 
139 


Cu 
CuAg 
CuAg 
CuAg 
CuAu 
CuAu 
CuFe 
CuZn 
CuZn 
CuZn 
Cu?^n 
CuZn 
CuSn 
CuSn 
CuSn 
CuSn 
CuSn 
CuP 
CuP 
CuAa 
CuAs 
CiiAs 


1-6  %  Ag 
I  4-8  %  Ag 
22-4  %  Ag 
,  0-7  %  Au 
1 19-2^  Au 

0-5  %  Fa 

50  %  Fe 
10  9^  Zn 
23-6  %  Zn 
29-4  %  Zn 
42-1 

1-4 

60 
11-6 
12-3 
14-9 


^Zn 
^Sn 
^Sn 
^Su 
^Sn 
^Sn 


10^  P 
2-5  ^P 
trace 
2-8  %  As 
5-4  ^  As 


102 
89-5 
82-3 
69-8 
84-0 
20-5 
38-9 
60-4 
46-9 
21-3 
•>l-7 
21-8 
625 
19-7 
121 
10-2 

8-8 
23-6  I 

7-3   I 
61-1 
12-9   i 

6  3   i 


3-87 
3-45 
3-25 
303 
3-32 
0*86 
1-55 
2-47 
205 
1-88 
1-27 
1-37 
2-68 
100 
0-69 
0-67 
055 
1-32 
048 
2G4 
0-74 
0-52 


653 

573 

527 

447 

538 

131 

249 

387 

300 

136 

139 

140 

400 

126 

77 

65 

56 

151 

47 

391 

82 

40 


3-83 


3-98 

3  54 

3*29 

2-85 

3-35 

Ml 

1-76 

2-62 

204 

114 

115 

1-16 

2-59 

1-08 

0-81 

0-74 

069 

1-22 

0-64 

2-54 

0-84 

0-61 


2-88 

-13 

2-69 

+  11 

1-20 

+  4 

0-73 

+  4 

034 

-  1 

0-41 

-  9 

0-86 

+  4 

±  0 


-11 

-  9 

-  4 
+  18 

-  3 
-25 
-21 

-  5 

+  1 

+  T4 
+  12 
-^11 
+  9 

-  8 
-12 

-  7 
-14 
+  10 
-16 
+  10 
-10 

-  9 


*  Rejected. 

m=— 0-000045: 
n  =+0-00721  : 
??/= -0-0001 12: 
71  =  0-00538  : 
Copper  alloys  ?;/= -O-OOOaSG: 

71  =z     0*000551- 


Gold  alloys 
Silver  alloys 


:0*000030 

:0-00010 

:0-000031 

:0*00085 

:0-000040 

■0-00012 


concides  with  the  initial  curves  throughout  an  enormous  ex- 
tent of  their  course.     Matthiessen*  who  expressed  a  similar 

*  Matthicssen  and  Vogt :   Phil.  Mag.  (lY),  xxvii,  p.  467,  1863  ;  Pogg.  Ann.,  cixii, 
p.  19,  1864. 


Hdairions  of  the  Alloys  of  Platinum,  431 

result  under  a  somewhat  involved  form,  was  well  justified  in 
computing  by  ^means  of  it  the  conductivity  of  a  pure  metal 
from  data  found  for  metals  slightly  impure.  This  computation 
premises  the  truth  of  Matthiessen's  other  principle  that  with 
certain  distinct  exceptions,  the  electrical  temperature  cofficients 
of  all  pure  metals  are  the  same  (cf.  §  6). 

4.  After  Matthiessen  and  Vogt  the  curious  relation  in  ques- 
tion seems  to  have  failed  to  enlist  farther  attention,  and  I 
believe  that  the  next  systematic  investigation  is  that  made  by 
Dr.  V.  Strouhal  and  nayself  in  studying  the  electrics  of  the 
iron-carburets.*  We  did  not,  however,  in  the  former  paper 
reduce  our  results  from  the  curvih'near  form  in  which  they 
appear  when  temperature  coefficient  is  expressed  in  terms  of 
resistance,  to  the  curves  of  the  present  linear  character ;  and 
hence  I  may  expediently  make  ttiis  reduction  here.  If  tem- 
perature coefficient  (y)  be  expressed  as  a  function  of  specific 
resistance  (a?),  and  if  a  curve  be  passed  through  all  the  points 
investigated  for  iron,  steel,  cast-iron,  then  the  following  prin- 
cipal coordinates  obtain : 

35=       16  46  70 

y=0-00420  0-00166  0-00130 

Interpreted  by  an  hyperbolic  equation  of  the  form 
{X'\-t)  {y'^m)=^n^  these  data  lead  to  constants 

Z=— 3-73,  m=— 0-000706,  n=0-0394, 

which  do  not  reproduce  the  graphic  curve  satisfactorily. 
Neither  is  I  by  any  means  negligible,  so  that  the  reduction  to 
linear  forms  is  out  of  the  question.  At  first  sight  this  seems  to 
prove  that  iron,  steel  and  cast  iron  do  not  here  form  a  unique 
series ;  that  the  resistance  variation  due  to  the  change  of  car- 
buration  from  iron  to  cast-iron  is  in  its  nature  different  from 
the  resistance  variation  observed  on  passing  from  soft  to  hard 
steel.  It  appears  below,  however,  that  the  favorable  position 
of  iron  here  unduly  infiueuces  the  result.  I  will  temporarily 
withdraw  both  iron  and  cast-iron  from  the  series.  For  steel 
alone  we  found  (using  the  graphic  method  already  referred  to) 

a!  =  16-9  28-9  467 

y=   0-00428  0-00244  0-00161, 

which  data  interpreted  by  the  equation  (x-k-t)  (y-\-m)=n  now 
lead  to  the  constants 

/=0-78,  m= -0-0001436,  n=0-0682. 

Here  the  constant  I  is  small,  being  only  about  five  per  cent  of 
the  smallest  steel  value  of  x  admitted.     Inasmuch  as  a  result 

•  Cf.  Wied.  Ann.,  xx,  p.  625,  1883 ;  Bulletin  U.  S.  G.  S.,  No.  14,  p.  15  to  25, 
1885. 
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similarly  favorable  to  the  reduction  to  linear  forms  is  obtained 
by  adding  cast-iron  to  the  steel  series,  I  have  assumed  the 
equation 

a;(y  +  m)=n. 

Using  this  equation  as  a  basis  for  the  application  of  the  method 
of  least  squares,  the  observations  of  I)r.  Strouhal  and  myself 
lead  to  the  results  contained  in  the  following  table.  These 
results  are  easily  understood,  and  I  need  hardly  add  that 
according  to  §1,  the  conductivity  and  temperature-coeflBcientof 
steel  are  respectively 

/(O)  /(O)  • 

Table  II. — Showing  Strouhal  and  Banui'  results  for  the  electrics  of  iron^arlmrdij 

/(0)(/' (0)//(0) +  7n)=n. 


Steel 

(( 

(( 
t( 
It 
i> 

Cast  iron 


Soft 

AnDealed  light  blue 

"        fiiU  blue 

'•        yellow 

*'        light  yellow 
Glasshard 


• 

Observed. 

15-9 

0  00423 

18-4 

360 

20-5 

330 

26-3 

280 

28-9 

244 

45  7 

161 

78-5 

129 

Computed. 
0-00417 
366 
333 
269 
249 
173 
119 


+  6 

-  6 

-  3 
+  11 

-  5 
-12 
+  10 


m=  — 0-000438±0-000097 
74=4-0-05930  ±000151 

Applied  to  steel  alone,  the  constants  computed  by  the  method 
of  least  squares  show  even  better  agreement,  viz  : 

m  =  — 0-000303±0*0()0079 
w  = +0-0620     ±0-0017 

I  omit  the  details,  with  the  mere  remark  that  the  difficulties 
of  measurement  ^vith  a  inolecularly  unstable  brittle  body  like 
hard  steel  are  great. "^ 

5.  I  desire  now  to  add  to  these  remarkable  results  the  new 
data  which  I  found  for  platinum  alloys.  I  shall  endeavor  to 
make  my  series  more  nearly  complete ;  to  investigate  points 
more  neai'ly  contiguous  and  nearer  in  position  to  the  pure 
metal  than  was  the  case  in  the  foregoing  series,  as  well  as  to 
introduce  a  great  variety  of  platinum  alloys.  For  both  in 
Matthiessen  and  Vogt's  results,  and  in  Dr.  Strouhal's  and  my  re- 
sults, the  position  of  the  individual   points  is  not  always  near 

*  Prof.  J.  n.  Langley  kindly  called  my  attention  to  recent  data  for  DDangaoeM 
steel.  Looking  up  Fleming's  work  (Lum.  electr,  xxvii,  p.  689,  1888),  I  found  hia 
results  to  be  5  =  G8  and  a  =  00012.  In  the  above  diagram  «=r68  eorreapoDds 
to  arrO'0013,  showing  satisfactory  accordance  with  experiment  even  in  this  regi(» 
of  abnormally  high  specific  resistance. 
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LOUgh  together  to  fully  exhibit  the  character  of  the  locus  be- 
reen  them.  Unfortunately  the  body  of  platinum  from  which 
made  my  alloys  was  not  rigorously  pure,  an  annoyance  which 
the  course  oi  other  parts  of  my  work  I  had  occasion  to  re- 
•et.  So  far  as  the  present  investigation  goes,  however,  the 
irtful  effect  of  the  impure  platinum  body  is  nil.  It  will  ap- 
jar  even  more  clearly  below,  that  the  law  to  be  investigated 
independent  of  the  ingredients  of  the  platinum  alloy,  ex- 
ipt  in  so  far  as  they  modify  its  electrical  conductivity.  Al- 
ying  here  is  merely  a  means  of  modifying  resistance,  and  the 
suits  are  studied  with  regard  to  the  resistance  produced,  not 
ith  regard  to  the  way  in  which  resistance  is  modified. 
6.  In  making  the  alloys  a  weighed  amount  of  platinum  was 
ised  down  on  a  lime  hearth  before  the  oxyhydrogen  flama 
he  foreign  ingredient  was  then  added,  and  the  product  after 
►oling  roUed  down  and  drawn  to  wire  form.  The  initiated 
ill  know  that  accidents  are  not  infrequent  and  that  the  tedi- 
is  operations  must  often  be  repeated.  The  details  of  fusion 
id  other  manipulation  are  given  in  the  Bulletin.  To  make 
le  electrical  measurement,  selected  parts  (length  30^,  diame- 
r  0-045^)  of  the  wires  were  annealed  at  a  red  heat  and  then 
rapped  in  a  single  layer  around  a  little  cylinder  of  porcelain 
jngth  2*^,  diameter  045^)  in  such  a  way  that  the  spires  of 
le  helix  did  not  touch.  The  ends  were  appropriately  fused 
copper  terminals.  The  little  helix  was  then  introduced  into 
e  space  of  constant  temperature  of  my  boiling  tube^  and  con- 
cutively  heated  to  25®,  100®  (steam),  357°  (mercury  vapor). 
The  results  of  the  measurements  are  given  in  the  following 
ble.  The  series  contains  57  alloys,  of  which  J,  denotes  the 
msity  and  8^  the  zero  specific  resistance.  The  table  contains 
TO  values  for  the  temperature  coeflScient  a,  the  first  of  which, 
,®®,  holds  for  the  mean  increase  between  0®  and  100°,  the 
cond  between  0®  and  357°,  linear  equations  presupposed. 
The  wires  A,  B,  C,  are  of  the  same  platinum  body  (B),  pu- 
led by  long-continued  intense  fusions  on  lime,  before  the 
:yhydrogen  blow-pipe. 

The  relation  of  tnese  data  to  each  other  may  be  exhibited 
aphically,  and  since  aj®®  is  very  nearly  f"{o):  f  ((>),  thefol- 
wing  chart,  figure  1,  preferably  represents  aj®<>  as  a  func- 
)n  of  «o-  A  few  unmistakably  exceptional  values  of  a\^^  are 
ther  rejected  or  replaced  by  ag*^',  the  justification  of  which 
shown  in  the  Bulletin. 

The  chart  shows  clearly,  I  think,  that  the  alloys  of  platinum 
ay  be  regarded  as  a  class- of  materials  possessing  generic  elec- 
ical  properties  :  for  the  effect  of  alloying  platinum  with  small 
aounts  (  <  10  per  cent)  of  any  other  metal,  is  a  variation  of 
mperature-coemcient  in  a  way  which  is  independent  of  the 
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Tablb  III. — Showing  the  dectrici  of  platinum  ailoyl. 


No. 

Metal  sllojed 
»  Platinum. 

A. 

., 

lO'xai" 

10"xal" 

A 

Flaanum 

12-0 

2-90 

3-65 

C 

Plntinum 

3-63 

2-58 

B 

aiVi 

14-9 

2-30 

2-23 

1 

Uold 

31-39 

18-B 

1-78 

3 

Gold 

21-22 

23-1 

l-*fi 

1-33 

3 

Qold 

21-17 

24-7 

1-37 

1-09 

1 

Silver 

2116 

19-1 

1-BO 

1-61 

6 

SilTsr 

20-99 

32-3 

1-46 

102 

6 

surer 
"P^diulo" 

19-40 

34-0 

1-02 

0-71 

21-01 

18-9 

1-7B 

1-62 

3 

PallBdiuoi 

20'Bi 

20-9 

1-63 

148 

9 

Palladium 

19-91 

33-9 

1-29 

1-18 

ID 

Iridium 

21-17 

19-4 

1-73 

1-61 

Iridium 

21-28 

30-4 

1-63 

1-60 

12 

Indium 
Copper 

21-33 
20-68 

23-(> 

1-28 

1-21 

"l3 

31-8 

0-8!- 

0-83 

11 

Copper 

20-60 

33-6 

0-80 

0-72 

15 

Copper 

18-80 

0-20 

0-20 

Copper 

20-93 

■25-3 

1-37 

1-11 

49 

Copper 

19-66 

536 

0-29 

0-15 

Nokal 

30-69 

317 

1-68 

1-46 

Nokel 

I9-B9 

1-34 

1-10 

18 

Nickel 

Cohult 

tS'75 

32-8 

1-05 

0-87 

19 

>0-59 

28-6 

1-09 

1-04 

C  bHll 

19-84 

39-C 

0-89 

0-74 

(  obalt 

30-7 

1-57 

1-30 

40 

Cobalt 

44-6 

1-30 

41 

Cob  It 

2099 

24-0 

1-39 

1-27 

Iron 

20-63 

36-3 

0-74 

0-74 

Iron 

"0-33 

41-8 

0-66 

0-61 

24 

Ion 

19-59 

59-9 

0-37 

i2 

Ir  □ 

19-75 

62-5 

O'U 

0-39 

Ion 

0-S9 

38-8 

1-13 

0-98 

50 

19-58 

60-2 

0-14 

0-39 

31 

Steol 

19  95 

49-2 

0-7T 

0-61 

"25" 

CI  rom  am 

~  "  27-4 

i-14 

1-Ofi 

•m 

Cbrom    m 

0-51 

40  9 

0-G5 

0-62 

Chrora    in 

O-lfi 

52-4 

0-49 

,41 

riron     u 
Tu 

076 
21-11 

~  '2T-5 

0-95 

087 

■iS"" 

1-55 

1-49 

29 

T 

0  97 

35-6 

1-27 

1-20 

;(o 

Tn 

"0-45 
0-4C 

39-8 
35-3 

0-69 

0-85 

1-32 

K.\            m 

20-72 

21-2 

1-B6 

1-50 

Ma  ganc  e" 

20-81 

25-6 

r-28 

1-11 

34 

Manmne 
ilolTUde      n 

19-43 

48-9 

0-52 

o■^3 

35 

TiU 

16-0 

^2-13- 

1-9* 

:(6 

Molyl-Jcniim 

31-2C 

19-0 

1-76 

1-69 

45 

Molybdenum 
Loud 

21-no 

21-V8 

10-4 

2-06 

1-88 

14-6       ~ 

3-iH 

2-23 

46 

Lead 

21 -24 
20-ffi 

17-0 

2-02 

1-82 

38  ' 

Bismuli 

39-5 

1-11 

1-09 

39 

21-18 

47 

Binroutb 

21-33 

iss's 

2-Vo" 

2i)V 

52 

"ZiGO  " 

20-10 

442 

0-51 

0-31 

54 

Zinp 

i-n-M 

24-5 

1-31 

Cadmium 

" "::"."-  " 
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special  ingredients  of  the  alloy,  and  which  depends  only  on 
the  resistance-position  of  this  alloy  in  the  class.  I  venture  to 
assert  therefore  that  the  arrangement  of  points  is  in  accordance 
^th  a  definite  underlying  law,  with  reference  to  which  excep- 
tional data  are  to  be  interpreted.  The  law  in  question  appears 
to  me  particularly  noteworthy  as  being  among  those  which  spe- 


1. 


To    ^ 


Figure   1. — Showing  the  relation  between  temperature-coefficient  (a)  and  elec- 

triad  resistance  (5o),  ia  case  of  platinum  alloys. 

cially  hold  for  the  solid  state.  In  his  experiments  on  the  con- 
ductivity of  solid  mercury,  C.  L.  Weber*  found  its  resistance 
to  increase  fourfold  in  virtue  of  fusion.  Simultaneously  with 
this  variation,  the  temperature-coefficient  of  solid  mercury 
(0 00455)  falls  to  the  relatively  very  low  value  (0000927  be- 
tween —30°  and  +45°)  whicn  holds  for  the  liquid  metal. 
Weber  points  out  the  close  approximation  of  the  temperature 
coefficient  of  solid  mercury  to  that  of  the  other  solid  metals, 
and  infers  even  closer  agreement  at  temperatures  sufficiently 
below  the  melting  point  of  mercury.  It  is  in  a  similar  sense 
that  in  §1  I  referred  the  properties  to  be  investigated  in  this 
paper  to  a  class  of  alloys  cnaracterized  by  high  melting  points. 

•  C.  L.  Weber,  Wied.  Ann.,  xxv.  p.  245,  1 885.  The  large  variation  of  resist- 
ance at  the  melting  point,  observed  in  case  of  mercury  and  other  metals  and 
allojs  (K,  Na,  etc.),  suggests  the  striking  adaptability  of  these  substances  for 
experiments  on  the  relation  between  melting  point  and  pressure ;  or  in  general 
on  the  continuity  of  solid  and  liquid  state.  Change  of  resistance  is  here  the 
criterion  of  fusion. 
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7.  Having  thus  obtained  some  general  notions  of  the  depen- 
dence oif\0)/f(0)  on  f{0\  it  is  in  place  to  inquire  moreinll? 
into  the  form  of  this  dependence.  1  will  proceed  in  a  maimer 
similar  to  that  employed  in  §4,  and  postulate  the  hyperbolic 
equation  {x+t){y+m)^n.  Availing  myself  of  the  chart,  figure 
1,  selecting  for  preliminary  computation  a  set  of  coordinates  u 
carefully  as  possible  from  it, 

aj=ll-7  y =000300 

20-0  164 

50-0  050 

I  find  the  constants  Z,  m,  n  to  be 

/=— 01360,     m=0-0002548,     n=0-03764. 

The  values  found  for  Z,  m,  n  are  exceedingly  significant 
Since  x  varies  between  10  and  70,  Z  is  in  general  much  less 
than  one  per  cent  of  x.  This  observation  at  once  suggests  the 
assumption  of  a  simpler  form  of  equation  in  which  Z=0. 
Again  the  positive  character  of  m  indicates  that  larger  values 
of  aj  ®  ®  would  tend  still  further  to  simplify  the  equation  (aj+Q 
(y+m)=n.  But  a\^^>  al^'^  follows  from  the  experiments; 
hence  also 

f{0)lf{0)  =  a>al^\ 

and  therefore  the  postulation  of  a^y+m)=n  is  altogether  war- 
ranted. 

To  obviate  the  necessity  of  a  complete  recalculation  of  a,  1 
used  the  following  method  of  passing  from  «J®®  and  aj*''  too. 
If  the  values  s^  8\  8'\  correspond  respectively  to  U  t\  t'\  and  if 


8'  8" 


r/0> 


it  follows  that 

_      (s'-s)  {st"^  ■-  8"t^)''{s"-s)  jst'^  -8t^ ) 

from  which  it  is  easy  to  deduce  a— a  J  ^  ®  in  terms  of  a  J  ®  ^  —  aj  *  ^ 
Now  8t" —8"i^D"  and  8t' —s't^l)'  are  already  known  from 
the  earlier  computations ;  and  when  a  correction  only  is  sought 
8"^^  and  8'^^  may  here  be  neglected  as  compared  with  8t"^  aiid 
.  8t'^^  respectively,  t  being  small  in  comparison  with  t'  and  i!'. 
Hence 

which  equation,  since  the  fraction  {t'^jt'Y  is  constant,  is  a  con- 
venient form,  and  much  of  the  correcting  may  be  done  men- 
tally.    I  may  add   that  the  three  quantities  «o*®,  aJJoj  «o*^ 
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have  similarlj  simple  approximate  relations  to  each  other ;  for 
instance, 

and  since  the  fraction  (^'— ^7(^'— ^  is  constant,  such  reduc- 
tions also  are  mental.  I  observe  finally  that  the  effect  of  these 
corrections  is  only  a  few  units  of  the  last  figure.  The  methods 
are  therefore  sufficient 

8.  Having  made  this  preliminary  survey,  the  data  are  avail- 
able for  the  calculation  of  m  and  n  by  the  method  of  least 
squarea  It  is  expedient,  however,  before  doing  so,  to  put  the 
postulated  equation  under  the  form 

f'{0)//{0)=n.l/f(0)^m, 

where  l/f{0)  is  the  zero  value  of  the  electrical  conductivity 
of  the  alloy  whose  temperature-coefficient  is  a.  This  equation 
when  operated  on  by  the  method  of  least  squares  does  not  give 
inordinate  preference  to  high  values  of  specific  resistance  ;  and 
since  such  high  values  can  not  be  warranted  with  a  greater 
degree  of  accuracy  than  the  low  values,  the  said  equation  may 
most  expediently  be  made  the  basis  of  computation. 

The  following  table  contains  the  results  and  is  intelligible 
without  further  explanation.  The  alloys  10,  11,  12  which  I 
insert  for  completeness,  were  added  subsequently  to  the  calcu- 
lation. 

The  probable  errors  of  m  and  n  indicate  that  the  inaccuracy  is 
largely  incurred  in  the  measurement  of  f\o)  lf(p\  The  con- 
stant  n  is  much  more  fully  warranted. 

9.  Endeavoring  to  describe  the  platinum  alloys  as  a  class 
possessing  generic  electrical  characteristics  it  is  permissible  to 
abstract  from  the  minute  and  isolated  behavior  of  the  individual 
alloy.  It  appears  that  the  electrical  temperature-coefficient 
(f\o)/f{p)\  varies  as  a  linear  function  of  conductivity 
(1 :  f{o)\  throughout  the  whole  of  the  enormous  variation  of 
electrical  resistance  (10  to  65  microhms,  c.  c),  presented  by 
platinum  alloys  not  too  highly  alloyed  (  <  10  per  cent).  In  other 
words,  if  at  ^,  the  specific  resistance  of  a  platinum  alloy  be 
denoted  hjfix^t)^  where  t  symbolizes  temperature  and  ;f  is  a 
variable  parameter,  then 

f{Xfi)  (/'U,0)//a,0)  +0-000194)=0-0378. 

It  is  perhaps  not  superfluous  to  remark  in  passing  that  if  in- 
stead of  the  arbitrary  temperature  0°  C,  some  other  value  more 
in  keeping  with  the  qualities  of  platinum  alloys  had  been 
selected,  the  constants  m  and  n  would  present  different  values; 
and  it  is  conceivable  that  correlated  values  of  f{t)  and  f{f) 
may  exist  for  which  the  constant  m  is  annulled,  and  for  which 
the  given  equation  takes  the  simple  form  xy  =  n'. 
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Tablb  iY.— Entries  of  platinum  alloys.    Digest  f{0)  (/'  (0)//(0)  +  m)=ii. 


No. 

AO)^ 

Observed 

Calculated 

Error 

Metal  alloyed 

(r{0)/Ao))xio\ 

(f\0m0))^  10*, 

xl0«. 

to  platinniiL 

A 

12-0 

2-96 

2  94 

+    2 

Pt 

C 

13-3 

2*50 

2-66 

-16 

Pt 

B 

14-9 

2-33 

234 

-    I 

Pt 

1 

18-6 

1-84 

1-84 

-   1 

Au 

2 

221 

1-49 

1-61 

-   2 

Au 

3 

24-7 

1-33 

134 

-    I 

Au 

4 

191 

1-87 

1-79 

+    8 

.    Ag 

7 

19-4 

1-76 

1-75 

+    1 

Pd 

8 

20-4 

1-67 

1-66 

+    I 

Pd 

9 

23.6 

1-30 

1-40 

-10 

Pd 

10 

194 

1-76 

1-76 

+    1 

Ir 

U 

20-4 

1-67 

1  66 

+    1 

Ir 

12 

23-6 

1-30 

1-40 

-10 

It 

13 

31-7 

0-91 

100 

-  9 

Cu 

14 

33  6 

0-83 

0-93 

-10 

Cu 

15 

63-6 

0-21 

0  40 

-19 

Cu 

48 

25-3 

1-31 

1-30 

+    1 

Cu 

49 

53  6 

0-34 

0-61 

-17 

Cu 

16 

21-7 

1-76 

1-55 

+  20 

Ni 

17 

26*8 

1-39 

1-21 

+  18 

Ni 

18 

32-8 

Ml 

0-96 

+  16 

Ni 

19 

28-6 

111 

113 

-   2 

Co 

20 

39-6 

0  93 

0-76 

+  17 

Co 

41 

240 

1-43 

1-38 

+   6 

Co 

22 

36-3 

0-74 

0-84 

-10 

Fe 

23 

41-8 

0-67 

0-71 

-  4 

Fe 

24 

599 

0-37 

0-44 

-  7 

Fe 

42 

62-5 

0-46 

041 

+   5 

Fe 

43 

28-7 

1-21 

112 

+   9 

Fe 

50 

60-2 

0-46 

0  43 

+    3 

Steel 

51 

49-2 

0-81 

0-58 

+  23 

Steel 

25 

27-4 

1-17 

1-19 

-   2 

Cr 

26 

40  9 

0-66 

0-73 

-   7          ' 

Cr 

27 

52-3 

0-58 

0-52 

+    6 

Cr 

44 

311 

0-98 

1-02 

-  4          i 

Cr 

28 

21-5 

1-57 

1-56 

+    ^          i 

Sn 

29 

25-6 

1-29 

1-28 

+    1          ' 

Sn 

30 

39-9 

0-70 

0-75 

-  5          1 

Sn 

32 

21-2 

1-68 

1-59 

-   1 

Al 

33 

25-6 

1-33 

1-28 

+   5 

Mn 

34 

48-9 

0-55 

0-58 

-  3 

Mn 

35 

160 

2-20 

2-18 

+    2 

Mo 

36 

18-9 

1-78 

1-80 

-  2 

Mo 

45 

16-4 

2-12 

211 

+  10 

Mo 

37 

14-6 

2-30 

2-38 

-  8 

Pb 

46 

170 

209 

2-03 

+    6 

Pb 

38 

29-5 

112 

1-09 

+    3 

Sb 

47 

16-8 

2  12 

219 

-  7 

h\ 

52 

44-2 

0-57 

0-66 

-  9 

Zn 

54 

24-5 

1-41 

1  35 

+    6 

Zn 

m=O-00O1939ihO-O00()233 
?i  =0*03778     -ii000054 
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10.  It  18  desirable  fioallT  to  give  as  graphic  an  exhibit  of 
le  results  taken  collectively,  as  possible.  Unfortunately  any 
ale  which  clearly  preaente  the  results  for  eold,  silver  and 
)pper,  will  crowd  the  results  for  platinum  ana  the  iron-carbu- 
ite,;  and  vice  versa.     Perhaps  the  following  chart,  fig.  2,  will 
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represent  the  relation  here  involved.  The  constants  of  the 
lines  drawn  through  the  points  are  given  at  the  end  of  the 
tables  in  §§  3,  4  and  7.  In  the  cases  of  silver,  of  gold,  of 
platinum  and  of  steel,  the  distribution  of  the  points  with 
reference  to  these  lines  is  satisfactory,  when  the  errors  intro- 
duced by  the  mechanical  treatment,  by  variations  of  hardness, 
and  particularly  by  imperfect  homogeneity  are  justly  taken  into 
account.  In  many  cases,  moreover,  the  percentage  presence  of 
foreign  ingredient  is  greater  than  that  specified  in  §  1.  As  all 
this  is  even  more  frequently  the  case  with  alloys  of  the  oxyd- 
izable  metal  copper,  the  line  computed  by  the  method  of  least 
squares  does  not  fairly  represent  these  observations.  The  ex- 
ceptional points  here  are  the  alloy  of  Cu  with  22*4  per  cent 
Ag,  and  the  brasses  with  23*6  per  cent,  29*4  per  cent  and  421 
per  cent  Zn.  If  these  high  per  cents  are  rejected,  the  line  for 
copper*  will  agree  more  nearly  in  character  with  the  lines  for 
gold  and  for  silver,  as  it  will  tend  more  nearly  to  intersect  the 
origin  of  coordinates  (smaller  numeric  m).  Applying  the 
method  of  least  squares  for  the  case  in  which  the  inadmissi- 
ble copper  alloys  are  withdrawn,  I  find  m=— 0'278  and 
n=-f  0*005655,  and  of  course  a  better  agreement  between  ob- 
served and  calculated  a  throughout.  In  figure  2,  however,  I 
have  nevertheless  inserted  the  line  calculated  for  all  the  copper 
alloys  in  hand. 

An  interesting  peculiarity  of  the  steel  line  is  that  it  leads  to 
a  larger  value  lor  the  temperature-coefficient  of  ironf  than 
that  hitherto  accepted.  Comparisons  of  absolute  values  most 
however  be  made  with  caution,  because  of  the  great  variety  of 
electrical  standards  used  by  different  observers.  The  hi^h 
temperature-coefiicient  of  iron  is  in  conformity  with  relatively 
high  values  usually  shown  by  alloys  containing  iron  (cf.  fig.  1.) 

I  desire  finally  to  advert  to  the  occurrence  of  the  relatively 
small  values  of  the  constant,  m,  as  computed  for  each  of  the 
series  of  silver,  copper,  gold,  platinum  and  steel  alloys.  There 
is  a  marked  tendency  in  all  the  cases  stated  to  intersect  the 
coordinate  axes  very  near  the  origin.  Inasmuch  therefore  as 
(§l)«  =  r(y,0)//('x,0)  and  >l„=l//(;f,0),  the  slopes  of  these 
lines  are  very  nearly  equal  to  /*'(z,0) ;  or  more  rigorously  to 
/\0,0),  since  their  true  nature  is  that  of  an  initial  tangent 
(cf.  §3.)  In  §11  it  appears  that  I  am  not  asserting,  how- 
ever, that  these  lines  do  pass  through  the  origin. 

*  Those  who  have  worked  witli  copper  alloys,  will  know  the  extreme  difficulty 
encountered  in  making  the  individual  points  conform  to  any  uniform  curve.  The 
data  usually  make  up  a  diagram  of  very  broken  lines,  as  in  the  above  work  of 
Matthieapcu,  and  in  results  of  Dr.  Strouhal  and  myself.  Further  comment  is 
made  in  the  HuUetin. 

f  In  his  researcii  on  the  conductivity  of  iron,  Auerbach  (Wied.  Ann.,  viii,  p.  479. 
1879),  discusses  reasons  for  the  exceptionally  high  value  of  the  temperatui«- 
coeflBcient  of  iron. 
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11.  Taking  the  results  collectively,  they  point  to  a  limit  be- 
low which  in  the  case  of  solid  metals  and  at  ordinary  tempera- 
tures, neither  electrical  conductivity  nor  temperature-coefficient 
can  be  reduced ;  whence  it  appears  that  a  lower  limit  of  both 
conductivity  and  temperature-coefficient  is  among  the  condi- 
tions of  metallic  conduction,  not  to  say  of  metallic  stata* 
These  considerations  are  suggestive  ana  I  shall  therefore  en- 
deavor to  make  what  I  have  in  mind  clearer.  In  the  case  of 
conduction  in  metals  (solid  or  liquid)  the  effect  of  temperature 
is  a  decided  decrease  of  conductivity,  continuing  apparently, 
as  temperature  increases,  indefinitely. f  In  the  case  of  con- 
duction in  non-metallic  elements:]:  or  in  electrolytes  (solid  or 
liquid)  on  the  other  hand,  the  effect  of  temperature  is  a  decided 
increase  of  conductivity,  which  supposing  the  liquid  state  to 
be  retained,  continues  as  temperature  increases.  Hence  con- 
duction in  metals  is  distinguished  from  conduction  in  electro- 
lytes in  this  respect,  that  if  the  temperature  coefficient  in  the 
one  case  (electrolytes)  be  regarded  positive,  its  value  in  the 
other  case  (metals)  must  be  negative.  This  leads  me  to  in- 
quire into  the  possible  occurrence  or  the  nature  of  a  class  of 
substances  whose  temperature-coefficient  is  zero ;  a  class  of 
substances  in  other  words  in  which  the  metallic  and  the 
electrolytic  modes  of  electric  conduction  may  be  supposed  to 
converge.  § 

The  point  which  I  have  in  view,  viz :  the  possibility  of  a 
continuous  transition  from  metallic  to  electrolytic  conductivity 
gains  much  in  reasonableness  by  associating  with  good  metallic 
conductivity  the  correlative  property  of  optic  opacity.  Rela- 
tions between  electricity  and  light  have  been  investigated  and 
many  experimental  facts  are  known.     Maxwell's  electro-mag- 

*  Recent  researches  of  v.  Ettingshausen  and  Nemst  and  of  C.  L.  Weber  (Wied. 
Aun.,  xxxiv,  p.  582,  1888).  show  that  the  resistance-temperature  coefficient  of 
bismuth  is  often  negative  between  O''  aud  100"*.  Edward  Weston  has  made  alloys 
of  copper,  ferro-manganese  and  nickel  of  which  this  tempcraturo-coef&cient  is 
nearly  zero  or  even  negative  (Science,  xii,  p.  56,  1888).  These  exceptions,  the 
underlying  cause  of  which  is  probably  secondary  and  to  be  referred  to  structural 
or  crystalline  modification,  emphasize  the  vast  amount  of  evidence  iu  favor  of  the 
normal  behavior  g^ven  in  the  text.  1  may  add.  for  instance,  that  the  temperature- 
coefficient  of  glasshard  steel  between  0**  and  100**,  would  be  nearly  zero  because 
of  annealing. 

f  Following  Benoit  (C.  R.,  Ixxvi,  p.  342,  1873)  the  electrical  resistance  of  all 
metals  increases  with  temperature  at  an  accelerated  rate,  except  in  the  case  of 
platinum  and  palladium,  where  the  rate  of  increase  is  retarded.  Benoit  observes 
«t  temperatures  limited  by  the  boiling  point  of  zinc. 

t  Matthiessen  (Pogg.  Ann.,  ciii,  p.  428,  1858),  W.  Siemens  (Wied.  Ann.,  x,  p. 
560,  1880)  and  others  (Bergmann,  Kemlein,  Muraoka)  find  this  to  hold  for 
modifications  of  carbon.  Similar  increaj>es  of  conductivity  are  usually  observed 
in  the  case  of  selenium  and  tellurium  (Hittort  W.  Siemens,  Mattheissen,  and 
many  others);  but  the  relations  here  are  complicated.  Quite  recently  Duter 
(C.  R.,  March  19lh,  1888)  has  shown  that  sulphur  conducts  at  its  boiling  point. 
It  is  this  investigation  which  I  have  specially  in  mind  in  the  text. 

§  Something  of  the  kind  may  perhaps  occur  in  the  case  of  some  natural  sul- 
phides, but  it  is  not  open  for  systematic  study  and  its  nature  is  obscure. 
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netic  theory  of  light  furnishes  a  theoretical  basis  for  the  fact 
that  true  conductors  are  exceedingly  opaque.  The  resistance 
of  solid  metals,  however  intensely  they  may  be  heated,  is 
found  to  increase  so  long  as  temperature  increases  Never- 
theless the  careful  experiments  which  Govi*  made  to  interpret 
an  erroneous  result  of  Secchi,f  prove  that  solid  metals  even  in 
extreme  states  of  white  heat  remain  opaque.  In  the  case  of 
liquid  metals  at  extreme  white  heat  the  case  is  not  so  definitdj 
established ;  and  the  question  relative  to  the  ultimate  transpar- 
encv  of  liquid  metals  at  very  high  temperatures  is  an  open  one4 
It  IS  in  tne  direction  of  ultimate  transparency  that  the  ob- 
served continuous  increase  of  resistance  with  temperatnre 
seems  definitely  to  point. 

It  is  reasonable  to  infer  that  the  transition  from  opaque  to 
transparent§  will  take  place  in  the  region  of  the  critical  tern- 

ferature.  At  least  such  transition  must  ultimately  occur;  and 
am  led  to  conjecture  that  the  said  transition  from  opaqae 
to  transparent  will  be  accompanied  by  a  change  of  the  values  of 
the  electrical  temperature  coelEcient,  passing  from  the  negative 
value  which  holds  for  the  liquid  metal,  to  the  positive  value 
which  will  probably  hold  for  the  gaseous  metal,  continnouelj 
through  zero.  The  fact  that  conduction  in  gases  is  of  an 
electrolytic  nature  was  proved  by  Varley,ltvho  showed  that 
after  the  polarization  of  the  electrodes  is  overcome,  gagea 
obey  Ohm's  law.  The  electric  strength  of  air  is  known 
to  diminish  rapidly  as  temperature  is  increased.  Working 
with  hot  gases  carefully  insulated  and  protected  from  flames, 
Maxwelli  was  unable  to  obtain  conduction  either  in  hot 
gases  like  air  or  in  hot  metallic  vapor  like  Ilg  or  Na. 
At  higher  temperatures  (red  heat)  the  researches  of  Blondlot,** 
confirming  the  observations  of  E.  Becquereljff  prove  that 
hot  gases  are  conductors,  and  that  at  temperatures  sufficiently 
high  j^Vir  ^'^^^  ^^  enough  to  set  up  a  current.  Hence  in 
their  thennal  relations  also,  gases  ultimately  partake  of  the 
nature  of  an  electrolyte,  and  the  occurrence  zero  value  of 
the  temperature  coefficient  may  be  reasonably  associated  with 
the  critical  temperature  of  the  metallic  liquid,  passing  con- 
tinuously from  the  liquid  into  the  gaseous  state. 

*  Govi,  Comptes  Rendus,  Ixxxv,  p.  699,  1877. 

t  Secchi,  Coraples  Rendus,  Ixiv,  p.  778.  1867. 

X  W.  Ramsay,  Chem.  News,  Iv,  pp.  104  and  175,  1887 ;  Turner,  ibid.,  p.  163, 
1887  ;  Professor  T.  Sterry  Hunt  has  given  the  question  some  attention.  Kundl's 
recent  experiments  (Wied.  Ann.,  xxxiv,  p.  469,  1888),  on  the  refraciive  index  of 
metals  will  doubtless  lead  to  more  definite  results  than  the  data  now  in  hand. 

§  The  jet  of  liquid  hydrop:en  e.scaping  from  Pictet's  apparatus  appeared  steel- 
blue,  and  was  opaque  for  a  distance  of  about  12«=". 

I  Varley,  Proc.  Roy.  Soc,  xix,  p.  236,  1871. 

^  Maxwell,  Elementary  Treatise  on  Electricity,  ed.  by  Garnett,  1881,  §§138, 139. 

♦*  Blondlot,  Comptes  Rendus,  xcii,  p.  870,  1881 ;    ibid.,  civ,  p.  283,  1887. 

tt  K.  Becquerel,  Comptes  Rendus.  Iv,  p.  1097,  1867. 
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BT.  XLIV. — On  the  Puget  Group  of  Washington  Terri- 
tory; by  Charles  A.  White. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

About  two  years  ago,  Prof.  J.  S.  Newberry  placed  in  my 
inds  for  study  a  small  collection  of  fossil  moUusca  which  he 
id  obtained  from  the  coal-bearing  formation  in  Puget  Sound 
isin  in  Washington  Territory.  This  collection  represents  a 
itherto  unpublished  brackish-water  fauna,  which  characterizes 
formation  that  possesses  unusual  interest.  All  the  discovered 
>ecie8  of  this  fauna  will  be  described  and  illustrated  in  BuUe- 
n  50  of  the  U.  S.  Geological  Survey,  where  also  the  formation 
ill  be  discussed.     Twelve  species  have  been  recognized,  of 

hich  the  following  is  a  list :  Cardium  {Adacma  f) .^,  Cy- 

mahrevidens^  n.  s.^Corbicula  Willisi^  n.  s.,  G.  Pugetensis^  n.  s., 
\atissa  Newberryi^  n.  s.,  B,  duhia^  n.  s.,  Psammobia  oh- 
nsra,  n.  s ,  /Sanguinolaria  f  caudata^  n.  s.,  Teredo  Pugetensisy 

8.,  Neritvaa /,  Cerithium f  and  an  undetermined 

isteropod. 

The  formation  from  which  these  fossils  were  obtained  is 
Qown  to  occupy  a  large  part  of  Puget  Sound  basin,  and  to 
ctend  upon  the  western  flank  of  the  Cascade  range,  which 
>rm8  the  eastern  side  of  the  basin ;  but  all  the  boundaries  of 
le  area  which  it  occupies  are  not  at  present  known.  Besides 
lese  strata  which  lie  to  the  west  of  the  Cascade  range,  other 
milar  deposits  are  found  upon  its  eastern  flank,  as  well  as  at 
^rtain  localities  among  its  higher  mountains.  All  these  de- 
oeits  are  believed  to  oelong  to  one  and  the  same  formation, 
though  those  within,  and  east  of,  the  Cascade  range  have  not 
3t  furnished  any  moUuscan  fossils  similar  to  those  found  upon 
le  western  side  of  the  range.  Certain  unique  features  of  the 
luna  referred  to  show  that  the  strata  in  which  the  remains 
ere  found  were  deposited  in  a  body  of  water  which  was 
aite  separate  from  that  in  which  was  deposited  any  one  of 
le  coal-bearing  formations  in  the  Pacific  Coast  region  or  else- 
here.  Its  zoological  character  indicates  that  t]ie  body  of 
ater  in  question  was  an  estuary ;  and  the  extent  of  the  district 
ithin  which  the  deposits  have  been  found  shows  that  that 
ituary  was  a  very  large  one. 

The  most  complete  information  that  has  yet  been  published 
mceming  this  formation  appeared  in  volume  xv  of  the  reports 
•  the  Tenth  U.  S.  Census,  pp.  759-771,  plates  lxxxii-cii. 
hat  publication,  which  is  entitled  ''  A  Report  on  the  Coal 
ieldfl  of  "Washington  Territory,"  is  by  Mr.  Sailey  Willis,  who 
ioomplished  the  work  upon  which  nis  report  is  based  under 
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the  auspices  of  the  Northern  Transcontinental  Survey.  The 
special  object  of  his  report  having  been  the  presentation  of  the 
coal  resources  of  that  region,  the  discussions  are  confined  mainly 
to  its  coal-bearing  formations ;  and  the  report  therefore  does 
not  embrace  a  full  account  of  the  geology  of  the  whole  region. 
Still,  Mr.  Willis  has  given  some  comprehensive  facts  as  well  as 
many  elaborate  details  concerning  this  formation  in  the  report 
referred  to ;  and  as  my  own  iield  labors  upon  the  Pacific  coast 
have  not  extended  to  the  northward  of  the  Columbia  river,  my 
knowledge  of  many  of  the  facts  which  are  stated  in  the  follow- 
ing remarks  has  been  derived  from  him,  and  from  Professor 
Newberry.   * 

The  orogenic  elevations  of  the  Pacific  Coast  region  extend 
in  two  lines  which  are  approximately  parallel  with  each  other 
and  with  the  coast.  The  eastern  line  consists  of  the  Sierra  Ne- 
vada in  California  and  of  the  Cascade  range  in  Oregon  and 
Washington  Territory.  The  western  line,  known  as  the  Coast 
range  in  California,  is  more  or  less  distinctly  recognizable 
through  western  Oregon,  and  extends  northward  of  the  Co- 
lumbia river  into  Washington  Territory ;  but  it  there  sinks  to 
low  hills  before  reaching  the  Olympic  cluster  of  mountains, 
which  forms  the  northern  end  of  the  line.  This  cluster  ifi  a 
prominent  feature  of  that  district,  its  higher  peaks  rising  to 
more  than  8000  feet  above  the  sea  level. 

The  relief  of  this  great  strong-featured  Pacific  Coast  region 
is  the  product  of  several  uplifts,  differing  in  time,  extent  and 
locality,  the  whole  histoiy  of  which  is  not  yet  clearly  under- 
stood but  the  facts  of  interest  in  this  connection  may  be  pro- 
visionally stated  as  follows.  The  Cascade  range,  which  has 
been  recognized  as  distinct  in  structure  and  origin  from  the 
Sierra  Nevada  range,  although  in  a  general  line  continuons 
with  it,  has  been  considered  to  be  itself  simple :  but  it  is  in 
reality  quite  complex.  In  Oregon  it  is  composed  of  erupted 
material,  often  of  great  thickness,  which  has  been  observed  to 
rest  upon  nearly  horizontal  sedimentary  strata  of  Cretaceous 
age ;  and  in  southern  Washington  Territory  it  consists  of  enor- 
mous masses  of  erupted  rocks  overlying  highly  fiexed  sedimen- 
tary strata  of  late  Mesozoic  or  early  Tertiary  age.  In  the 
northern  half  of  the  same  Territory  the  range  is  made  up  en- 
tirely of  granite,  crystalline  schists  and  volcanic  rocka  As 
bearing  upon  the  subject  in  hand,  it  may  be  stated  here  that 
the  Tertiary  rocks,  which  prevail  in  the  Coast  range  generally 
seem  to  be  w^anting  in  the  Olympics  which,  in  this  respect  and 
in  their  composition,  resemble  the  northern  portion  of  the  Cas- 
cade range. 

Between  the  two  long  lines  of  orogenic  elevation  before  re- 
ferred to,  lie  the  great  valleys  of  the  Sacramento  and  San  Joa- 
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fuin  rivers  in  California,  of  the  Willamette  in  Oregon,  and  of 
^iget  Sound  (known  as  Pnget  Sound  basin)  in  Washington 
Territory.  The  latter  valley  was  the  scene  of  deposition  of  the 
coal-bearing  series  of  strata  which  is  characterized  by  the  mol- 
Inscan  fauna  already  mentioned. 

Mr.  Willis  describes  this  formation  as  consisting  of  "  alter- 
nating beds  of  yellow  and  tine  grained  sandstones  and  very 
fine  arenaceous  shales  interstratified  with  many  beds  of  carbon- 
aceous shale  and  coal ;  the  individual  strata  of  sandstone  and 
shale,  from  20  to  200  feet  thick,  maintain  the  same  general 
character  wherever  observed."  He  further  says  that  a  section 
measured  near  the  town  of  Wilkeson  in  Puget  Sound  basin 
"  gives  a  minimum  thickness  of  13,200  feet,  with  a  probable 
maximum  of  14,500  feet."  The  surprise  that  one  feels  upon 
learning  of  the  extraordinary  thickness  of  this  estuary  deposit 
is  increased  by  Mr.  Willis's  statement  that,  so  far  as  he  could 
observe,  the  contained  molluscan  fauna  ranges  vertically  through 
the  whole  formation. 

This  is  surely  a  remarkable  deposit  for  one  of  estuary  origin, 
but  it  is  so  regarded  in  consideration  of  the  following  facts ; 
No  trace  of  an  open  sea  fauna  has  been  found  in  it,  while  all 
the  molluscan  remains  that  have  been  found  in  it  are  related 
to  estuary  forms.  These  remains  embrace  species  of  the  Cor- 
biculidee,  the  members  of  which  family  are  known  to  range 
from  brackish  to  fresh  waters.  These  forms  are  associated 
with  certain  others  whose  living  congeners  are  known  to  range 
from  marine  to  brackish  waters  but  not  into  fresh  waters;  and 
the  strata  of  this  deposit  contain  an  abundance  of  vegetable  re- 
mains, which  doubtless  came  from  local  swamps  and  adjacent 
shores. 

No  specimens  of  this  fauna  have  yet  been  discovered  beyond 
the  present  limits  of  Pnget  Sound  basin,  nor  in  any  other  for- 
mation than  those  from  which  Professor  Newberry's  collection 
was  'made.  But  if,  as  is  inferred  from  a  general  similarity  of 
lithological  characters,  the  absence  of  marine  fossils,  the  pres- 
ence 01  coal  beds  and  of  identical  species  of  plant  remains,  and 
from  similarity  of  position  w4th  relation  to  older  and  later  for- 
mations, the  deposits  which  are  found  upon  the  eastern  side,  as 
well  as  within  the  body,  of  the  Cascade  range  in  southern 
Washington  Territory,  constitute  parts  of  the  same  formation 
which  is  found  upon  the  western  side,  the  scene  of  its  deposi- 
tion extended  much  beyond  the  limits  of  Puget  Sound  basin. 

This  conclusion  of  course  implies  that  the  portion  of  the  Cas- 
cade range  upon  which  those  strata  are  found  was  not  then  ele- 
vated, as  was  the  northern  portion,  and  that  the  outline  of  the  area 
within  which  this  deposit  was  made  was  very  diflEerent  from 
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what  would  be  suggested  by  any  of  the  preBent  topographical 
features  of  the  region.  That  the  present  topographicaifeatnreB 
of  that  region  differ  greatly  from  those  which  prevailed  dur- 
ing the  Puget  epoch  is  indicated  by  other  observations  of  Mr. 
Willis.  For  example,  he  noted  the  absence  of  the  Puget  Group 
high  up  in  both  the  Olympic,  and  the  northern  Cascade  moun- 
tains, which  leads  him  to  believe  that  while  that  formation  was 
being  deposited,  the  former  mountains  constituted  an  island, 
and  the  latter,  a  peninsula.  It  is  hardly  to  be  supposed,  how- 
ever, that  the  topographical  features  of  that  region  were  per- 
manent throughout  the  whole  of  the  Puget  epoch,  becanse  the 
range  of  the  molluscan  fauna  through  the  whole  thickness  of 
the  JFormation,  as  already  mentioned,  indicates  that  there  was  a 
constant  subsidence  over  the  whole  area  within  which  the  de- 
posit took  place,  during  the  whole  time  of  its  accumulation. 
Certain  topographical  changes  in  that  neighborhood  at  least, 
must  have  accompanied  such  a  subsidence. 

In  the  report  of  Mr.  Willis,  already  referred  to,  he  not  only 
regards  this  formation  as  equivalent  with  the  Laramie  Group, 
but  he  provisionally  applies  the  same  name  to  it.  His  reasons 
for  doing  so,  in  addition  to  the  fact  that,  like  the  Laramie,  this 
group  apparently  rests  directly  upon  upper  Cretaceous  marine 
strata,  appears  in  the  following  paragraph  which  he  has  kindly 
furnished  me  from  an  unpublished  report  of  his  upon  a  dis- 
trict which  lies  to  the  eastward  of  Fuget  Sound  basin. 

"7y<e  Lanwdef  of  the  Wenatchie  Valley.'^'* 

"  The  Wenatcliie  river  cuts  a  section  across  un metamorphosed 
conglomerates  and  sandstones  bent  in  broad  folds  over  axes 
having  a  general  north  and  south  trend.  This  formation  flanks 
the  Peshastan  range  on  both  sides,  occurring  on  the  s(?uth  on 
Scliwak  creek,  and  in  the  Klealim  valley,  and  forms  some  of 
high  crests  of  the  Cascade  range  north  of  Natchez.  It  is  the 
last  formation  deposited  before  the  elevation  of  the  Cascade 
range  and  its  spur,  the  Peshastan,  and  is  thus  identilied,  as  well 
as  litliologically  and  in  its  stratigraphic  relations,  with  the 
Puget  Sound  Coal  measures,  the  latter  having  been  assigned  to 
the  Laramie  by  Prof.  J.  S.  Newberry  on  the  evidence  of  the 
leaf  impressions." 

I  think  that  all  the  known  evidence  is  strongly  in  favor  of 
the  view  taken  by  Professor  New!)erry  and  Mr.  Willis  as  to  the 
equivalency  and  probable  contemporaneity  of  the  Puget  Group 
with  the  Laramie  :  but  it  may  be  reo^arded  as  certain  that  these 
two  formations  were  deposited  in  separate  bodies  of  water  and 
under  materially  different  conditions;  and  that  they  were  sep 
arated  by  a  land  area  of  considerable  breadth.  The  area,  how- 
ever, was  not  so  broad  as  to  make  it  unreasonable  to  snppoee 
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that  an  arboreal  flora  extended  entirely  across  it,  and  scattered 
its  autumnal  leaves  into  the  Laramie  sea  upon  the  one  hand 
and  into  the  Puget  estuary  on  the  other.  Possibly  it  may 
yet  appear  that  terrestrial  vertebrate,  and  molluscan  faunas  also 
extended  across  the  same  area  by  the  discovery  of  their  re- 
ihains  in  both  the  Laramie  and  Puget  groups. 

Besides  the  evidence  which  is  furnished  by  the  character  of 
the  gill-bearing  fossil  mollusca  of  the  Laramie  and  Puget 
groups  respectively  that  they  were  deposited  in  separate  bodies 
of  water,  satisfactory  evidence  exists  that  the  Laramie  outlet 
was  upon  the  Atlantic  side  of  the  continent,  and  that  the 
Puget  outlet  was  upon  the  Pacific  side.  Admitting  that  these 
conditions  existed  there  seems  to  be  little  probability  that 
the  two  faunas  had  a  common  origin.  Under  such  circum- 
stances I  think  it  better  to  use  separate  names  for  the  two  for- 
mations ;  and  I  have  accordingly  proposed  the  name  of  Puget 
Group  for  the  formation  which  forms  the  subject  of  this  artide. 

As  to  what  were  the  original  boundaries  of  the  Puget  estu- 
ai'y  deposit  comparatively  little  is  definitely  known,  as  already 
intimated.  It  is  probable  also  that  much  will  always  remain 
unknown  upon  this  point  owing  to  the  great  erosion  which  the 
strata  have  suffered,  and  to  the  presence  of  large  portions  of 
the  volcanic  outflows  which  have  so  largely  covered  them. 
Taking  into  consideration  the  extreme  points  at  which  strata  of 
this  group  have  been  found,  including  those  which  lie  to  the 
east  of,  and  among  the  Cascade  mountains,  the  present  indica- 
tions are  that  the  Puget  Group  originally  occupied  an  area  of 
several  thousand  square  miles. 

That  the  body  of  water  in  which  the  Puget  Group  was  de- 
posited was  an  estuary,  and  not  a  land-locked  sea,  as  was  the 
Laramie,  is  indicated,  as  already  shown,  by  its  molluscan  fauna.* 
But  in  what  manner  the  Puget  estuary  was  separated  from  the 
open  ocean  we  have  as  yet  little  information.  A  natural  infer- 
ence would  be  that  the  Olyriipic  island  formed  part  of  such  a 
barrier,  but  the  discovery  of  marine  fossils  in  the  valley  of 
Dwamish  river,  the  strata  inclosing  which  were  presumably 
formed  contemporaneously  with  at  least  a  portion  of  the  Puget 
Group,  would  seem  to  show  that  the  estuary  barrier  was,  a  part 
of  the  time,  at  least,  to  the  eastward  of  Olympic  island. 

Although  the  contemporaneity  of  the  Puget  and  Laramie 
groups  apparently  need  not  be  cjuestioned,  the  stratigraphical 
relation  of  the  former  to  the  Tejon  Group,  which  is*  presuma- 
bly of  approximately  the  same  age,  has  not  been  satisfactorily 
determined.     Vertebrate  and  vegetable  paleontology  have  fur- 

*The  apparent  absence  of  this  peculiar  fauna  from  the  more  eastern  strata  sug- 
gests that  they  were  deposited  nearer  to  the  iDflnx  of  fluyiaiile  waters,  which 
being  therefore  entirely  fresh  did  not  afford  a  congenial  habitat  for  the  species 
which  prevailed  in  the  western  and  brackish  paft  of  &e  estuary 
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nished  no  evidence  upon  this  point.  The  invertebrate  remains 
which  each  formation  has  furnished  afford  no  means  of  compar- 
ison because  those  of  the  Puget  Group  are  estuarine  and  thoee 
of  the  T^jon  Group  marine :  and  because  tlie  estuarine  types 
of  molhiscan  life  are  always  of  little  if  any  value  as  indicating 

Geological  age.     Therefore  we  are  reduced  to  stratigraphic  evi- 
ence   alone  in  attempting  to  correlate  the  Puget,  with  the 
Tejon  Group. 

Mention  has  just  been  made  of  the  discovery  of  strata  con- 
taining marine  fossils  at  a  locality  on  Dwamish  river  in  Pnget 
Sound  basin,  and  not  far  from  typical  exposures  of  the  Poget 
Group.  A  considerable  proportion  of  the  fossils  found  there 
have  been  identified  witii  Tejon  species,  and  those  Dwanmh 
valley  strata  doubtless  represent  a  part  of  the  Tejon  Group. 

Mr.  Willis,  who  has  studied  the  stratigraphy  there  in  connec- 
tion with  his  work  before  referred  to,  regards  the  position  of 
these  marine  strata  with  reference  to  those  of  the  Puget  Group 
as  having  been  deposited  not  earlier  than  those  of  the  upper 
portion  of  that  group.  This  view  of  the  stratigraphical  rela- 
tions of  the  Dwamish  river  strata  with  those  of  the  Paget 
Group,  together  with  the  fact  that  the  fossils  of  the  former  are 
of  marine  origin,  suggests  that  they  were  deposited  in  marine 
waters  towards  the  close  of  the  great  subsidence  that  accom- 
panied the  deposition  of  the  Puget  Group,  and  indicates  that 
the  latter  group  is  a  local,  although  a  large,  chronological  rep 
resentative  of  a  part,  or  the  whole,  of  the  Chieo-Tejon  series* 

Now  if  the  strata  of  the  Puget  Group  were  deposited,  even 
in  part,  contemporaneously  with  the  Chico-Tejon  series,  it  is 

{)robal)le  that  some  of  the  species  of  that  series  which  were  capa- 
)le  of  entering  brackish  waters  may  yet  be  found  in  the 
Puejet  strata,  and  that  some  of  the  Pnget  fauna  which  were 
capable  of  entering  marine  waters  may  yet  be  found  associated 
with  Cliico-Tejon  species.  As  a  matter  of  fact,  however,  no 
evidence  of  such  a  coiiimingling  of  the  species  of  the  two 
faunas  has  yet  been  discovered.  So  far,  therefore,  we  have  no 
paleontological  evidence  of  the  contemporaneity  of  the  Pu;rt*t 
Group  with  the  Chico-Tejon  series. 

Although  no  serious  doubt  is  entertained  that  the  Puiret 
Group  was  deposited  in  estuarine  waters  there  are  certain  fact.- 
which  are  somewhat  perplexing  when  considered  in  connection 
with  an  acceptance  of  that  view.  The  known  area  within 
which  stnita  of  that  group  occur  shows  that  the  Puget  estuan' 
was  of  such  great  extent  that  it  is  dilhcult  to  understand  how 
so  large  a  body  of  water  could  have  been  unifonnly  kept  s<> 

♦It  also  seems  to  indicate  that  the  western  barrier  of  the  Puget  estuary  was  at 
that  time  and  place,  not  far  from  the  middle  of  the  present  Puget  Sound  basin, 
but  it  is  probable  that  the  position  of  the  barrier  was  shifted  from  time  to  time, 
during  the  existence  of  the  estuary. 
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nearly  fresh  as  to  afford  a  congenial  habitat  for  such  a  mollus- 
can  fauna  as  it  is  known  to  have  possessed,  and  as  was  necessary 
for  the  accumulation  of  the  great  thickness  of  strata  in  which 
the  remains  of  that  fauna  are  found,  during  so  long  a  period 
of  time. 

*  That  is,  it  is  diflScult  to  understand  how  that  comparatively 
narrow  portion  of  the  continent  between  the  then  existing 
Laramie  hy^rographic  basin  on  the  east,  and  the  Puget  estuary 
on  the  west  could  have  furnished  a  suflScient  flow  of  fluviatile 
water  to  keep  jiearly  fresh  so  large  an  estuary,  and  keep  off  the 
encroachment  of  adjacent  marine  waters.  Even  so  large  a  flow 
as  is  now  discharged  by  the  Columbia  would  seem  to  have  been 
insuflScient  unless  the  outlet  of  the  great  estuary  was  greatly 
narrowed  by  land  barriers. 

Again,  the  evidence  presented  by  Mr.  Willis,  and  also  that 
afforded  by  the  fossils,  which  range  without  material  change 
through  a  large  part  of  the  vertical  series,  seems  to  be  conclu- 
sive that  essentially  uniform  estuarine  conditions  were  preserved 
over  the  whole  area  now  occupied  by  the  Puget  Group  from 
the  time  of  the  deposition  of  its  earliest,  to  that  of  its  latest 
strata.  This  evidence  also  discloses  the  remarkable  fact  that 
during  that  time  there  was  a  constant  subsidence  over  the 
whole  area,  until  it  had  reached  a  maximum  of  not  less  than 
twelve  thousand  feet. 

It  is  certainly  difficult  to  understand  how  so  great  a  subsi- 
dence could  have  taken  place  without  such  a  simultaneous  ele- 
vation of  the  adjacent  laud  area  as  would  have  materially 
changed  the  character  and  uniformity  of  the  supply  of  fluvia- 
tile waters  to  the  estuary,  or  have'  added  a  land  area  to  the 
westward  of  it.  Indeed,  it  is  diflicult  to  understand  how  even 
a  less  subsidence  could  have  taken  place  without  materially 
modifying  the  character  of  the  great  estuary  itself,  or  even 
submerging  its  whole  area  beneath  marine  waters. 

The  bioloffical  relations  of  tliis  Puget  fauna  to  other  faunas 
possess  peculiar  interest.  For  purposes  of  comparison  one  in- 
stinctively turns  to  the  molluscan  fauna  of  th6  Laramie  Group ; 
but  in  doing  so  important  differences  appear.  It  is  true  there 
are  two  species  of  Corbicula  in  the  Puget  fauna  that  are  so 
closely  like  Laramie  forms  as  to  suggest  specific  identity  upon 
casual  examination  ;  but  the  differences  between  the  two  faunas 
are  strikingly  shown  by  the  family  and  generic  characters  of 
the  other  members  of  the  Puget  fauna  as  compared  with  the 
Laramie  fauna. 

For  example,  a  species  of  Teredo  has  been  found  in  the 
Puget  Group,  but  no  member  of  the  Teredinidse  has  yet  been 
found  in  the  Laramie.  Two  species  of  the  Puget  fauna  are 
referred  to  the  Tellinidae,  but  no  member  of  that  family  has 
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yet  been  found  in  the  Laramie.  But  the  generic  form  which 
gives  an  especially  unique  character  to  the  Pueet  fauna  is  that 
of  Batissa.  This  genus  has  not  hitherto  been  Known  to  occur 
in  North  America,  in  either  a  fossil  or  living  condition ;  nor 
has  it  been  found  nearer  to  this  continent  than  certain  of  the 
Pacific  islands.  Still  the  hinge  characters  observable  in  these 
Puget  estuary  specimens  leave  no  room  for  reasonable  doubt 
that  they  are  strictly  congeneric  with  Batissa.  Indeed  a  species 
of  that  genus  which  is  now  living  upon  the  Fiji  Islands  is 
closely  related  to  this  fossil  form. 

Certain  interesting  relationships  between  Asiatic  and  North 
American  faunas  have  been  noticed  by  naturalists,  which  are 
recalled  by  this  occurrence  of  Batissa  in  the  Puget  fauna.  As- 
suming that  these  relationships  are  those  of  genetic  succession, 
we  naturally  desire  to  know  the  direction  of  the  lines  along 
which  their  geographical  dispersion  took  [)lace.  For  exam- 
ple, was  it  toward,  or  from  the  present  North  American  con- 
tinent that  the  dispersion  of  Batissa  has  occurred?  If  it  was 
from  this  continent,  it  is  remarkable  that  none  of  its  pro- 
geny have  survived  in  any  of  the  present  continental  waters; 
and  it  is  equally  remarkable  that  no  evidence  of  its  former  ex- 
istence in  North  America  has  been  discovered  except  that 
which  the  Puget  fauna  has  furnished.  If  the  dispersion  of 
Batissa  was  toward  this  continent,  it  seems  to  have  only 
reached  the  present  Pacific  coast  region  about  the  close  of  the 
Cretaceous  period,  and  to  have  there  and  then  become  extinct: 
wliile  it  has  continued  its  existence  on  certain  islands  of  the 
Pacific  to  the  present  time.  But  all  the  know#i  facts  concern- 
ing the  genus  Batissa  are  insufficient  to  throw  much  light  upon 
its  geological  history  or  geographical  dispersion.  Even  the 
Corbiculi(i?e,  the  family  to  which  Batissa  belongs  has  a  less 
conq^letely  known  geological  history  in  North  America  than 
has  the  Unionidse. 


Art.    XLV. — Tivo    Sulphantiinoiiites  fram    Colorado;    by 

L.  G.  Eakins.* 

The  mineral  first  to  be  described  was  sent  to  the  Denver 
laboratory  of  the  U.  S.  Geological  Survey  in  the  latter  part  of 
1885,  by  Mr.  E.  R.  Warren,  of  Crested  Butte,  Colorado. 

At  that  time  a  hasty  qualitative"  examination  was  made,  estab- 
lishing the  fact  that  it  was  a  sulphantiinonite  of  lead,  and  since 
then  nothing  more  has  been  done  with  it  until  the  present  an- 
alysis was  made. 

♦Road  before  the  Colorado  Scientific  Society,  Meeting  of  June,  1888. 
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This  mineral  comes  from  the  "  Domingo  "  Mine,  on  the  ridge 
between  Dark  Cafion  and  Baxter  Basin,  Gunnison  Co.,  Col.  ; 
in  which  locality  it  is  known  as  "  mineral  wool."  It  consists 
of  aggregates  of  small  acicnlar  crystals,  forming  matted,  wool- 
like masses  in  the  cavities  of  a  highly  decomposed  gangue  rock 
of  siliceous  material  mixed  with  some  calcite.  It  is  dull,  gray- 
ish black  in  color,  with  occasional  spots  of  iridescence,  due 
undoubtedly  to  a  slight  supei'ficial  oxidation. 

In  procuring  material  for  analysis,  a  lot  of  loose  material  sent 
by  Mr.  Warren  was  slightly  crushed  and  rubbed  with  water  in 
a  mortar  and  poured  off,  the  fine  needle  like  crystals  floating 
off  readily ;  this  was  afterward  purified  by  a  re-treatment  in 
the  same  manner,  and  then  subjected  for  a  short  time  to  the 
action  of  dilute  hydrochloric  acid  to  remove  the  slight  amount 
of  attached  calcite.  The  material  obtained  in  this  manner  ap- 
peared under  the  microscope  to  be  perfectly  pure  and  homo- 
geneous with  the  exception  of  a  slight  amount  of  gangue  still 
remaining. 

No  crystalline  form  could  be  made  out,  and  on  account  of 
its  peculiar  nature  no  attempt  has  been  made  to  determine 
either  specific  gravity  or  hardness.  Heated  before  the  blow- 
pipe it  ruses  readily  without  decrepitation ;  in  the  closed  tube 
it  gives  a  slight  sublimate  of  sulphur  only ;  in  the  open  tube  it 
gives  off  sulphurous  acid  and  dense  white  fumes  of  oxide  of 
antimony ;  heated  strongly  the  antimony  all  volatilizes,  leaving 
a  fused  residue  of  sulphate  of  lead,  slightly  colored  by  the  iron 
present ;  on  charcoal  it  gives  the  lead  and  antimony  coatings, 
and  in  the  reducing  flame  with  soda,  a  lead  button.  It  is  solu- 
ble in  hot,  strong  hydrochloric  acid  with  evolution  of  hydrogen 
sulphide.  ^ 

The  analysis  is  as  follows : 
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Dividing  these  atomic  ratios  by  222,  we  get : — 
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Giving  the  formula :— (Pb,  Fe),Sb,S.,  or  3(Pb,  Fe)S,  2Sb,S.. 
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This  mineral,  it  is  seen,  fills  a  place  in  the  group — 3RS, 
2(As,  Bi,  Sb),S„  of  which  there  are  but  few  good  examples,  and 
which  until  now  has  not  had  an  antimony  representative. 

The  somewhat  low  summation  of  the  analysis  is  probably  due 
to  two  causes ;  first,  a  small  amount  of  soluble  gangue  which 
was  present  and  undetermined ;  second,  the  sulphur  is  about 
four-tenths  of  one  per  cent  less  than  required,  due  to  the  slight 
natural  oxidation  of  the  mineral  togetner  with  an  additional 
amount  induced  by  treatment  with  dilute  hydrochloric  acid  for 
the  removal  of  calcite.  In  addition  to  the  complete  analysis 
given,  there  w6re  additional  determinations  made  of  lead,  an- 
timony and  sulphur,  the  results  obtained  being  in  strict  agree- 
ment  with  those  given  above. 

The  second  of  these  sulphantimonites  was  collected  in  the 
summer  of  1887,  by  Mr.  Whitman  Cross ;  it  comes  from  a  mine 
on  Augusta  Mountain,  Gunnison  Co.,  Col,  this  locality  being 
about  one  mile  east  of  the  "  Domingo  "  mine. 

Locally  this  mineral  is  also  known  as  "  mineral  wool,"  and 
although  differing  considerably  in  appearance  from  the  one  just 
described,  they  were,  on  account  of  tne  similarity  of  occurrence, 
considered  as  probably  identical. 

It  occurs  in  a  siliceous  gangue  together  with  pyrite  and  sphale- 
rite, and  forms  groups  of  acicular  crystals  which  are  elongated 
prisms,  deeply  striated ;  but  whose  form  could  not  be  deter- 
mined. 

The  individual  crystals  of  this  mineral  are  considerably  larger 
than    those   of  the   one    previously   described,    and  in  conse- 

?uence  they  do  not  tend  so  much  to  form  matted  aggregates, 
ts  color  is  a  bright,  steely,  grayish  black,  with  no  tendency 
tow.ird  tariiisli  or  iridoseeuce.  Tlie  sciparation  of  this  mineral 
from  the  accompanying  ones  and  the  jjangue,  was  a  matter  of  con- 
siderable difficulty ;  on  account  of  tlieir  size  the  crystals  could 
not  be  successfully  washed  out  from  the  other  material,  but  bv 
the  use  of  a  raj)id  current  of  water,  and  the  Thoulet  method, 
a  small  quantity  was  finally  procured  perfectly  free  from  every- 
thiui^  (3xcept  some  pyrite,  and  that  had  no  effect  upon  the 
analysis,  as  the  mineral  was  dissolved  in  a  mixture  of  hydro- 
chloric and  tartaric  acids,  leaving  the  pyrite  un attacked  :  it  wiis 
then  filtered  through  a  (looch  crucible,  and  the  amount  of  py- 
rite determined  and  deducted  from  the  material  taken.  The 
fact  that  but  a  trace  of  iron  was  found  in  the  analysis  is  con- 
clusive^ pro  )f  that  the  pyrite  was  practically  unattacked. 

Blowpij)e  characteristics  are  the  same  as  in  the  one  before 
descril)ed. 

The  analysis  is  as  follows : 
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Atomic  ratios. 

Ag 

trace 

Pb 

65-52 

-^207  = 

-268 

Fe 

trace 

Sb 

25-99 

-7-120= 

•217 

(calculated) 

• 

18-98 

-7-   32  = 

•693 

100*49 

e  atomic  ratios 

by  -217  we  get: 

Pb, 

= 

1-24 

=   4-96 

Sb, 

1 

4 

s, 

2-74 

10-96 

Giving  the  formula :— Pb.Sb,S„  or  5PbS,  2Sb,S,. 

We  have  here,  in  formula,  a  freieslebenite  in  which  instead 
of  lead  and  silver,  the  silver  has  been  completely  replaced  by 
lead,  and  although  the  crystallographic  agreement  of  this  min- 
eral with  freieslebenite  has  not  been  established,  there  seems 
to  be  no  good  reason  for  not  referring  it  to  that  species. 

Laboratory,  U.  S.  Gkological  Survey,  Washington ,  D.  G. 


Art.  XLVI. — On  the  Voltametric  Measurement  of  Alternating 

Currents;  by  A.  E.  Kennelly. 

It  has  until  quite  recently  been  generally  supposed  that  an 
electric  current  reversing  its  direction  with  the  frequency  that 
characterizes  what  is  commonly  called  an  alternatmg  current, 
would  not  decompose  water  visibly,  or  in  fact  that  if  any 
decomposition  did  take  place  at  the  electrodes,  the  recombina- 
tion at  the  reversal  was  so  speedy  and  complete  that  no  free 
gas  was  developed.  It  has  been  shown,  however,  lately,  in 
a  paper  by  MM.  Maneuvrier  and  Chappuis,  read  before  the 
Acaa^mie  des  Sciences,  that  when  the  electrodes  are  small, 
free  decomposition  does  take  place,  mixed  gas  being  liber- 
ated at  each.  Since  that  time  Professors  Ayrton  and  Perry 
have  contributed  to  the  data  on  the  subject  in  an  article  ap- 
pearing in  "  The  Electrician  "  of  London,  July  13,  1888,  and 
in  which  some  very  interesting  phenomena  observed  with 
polarized  electrodes  are  described,  while  it  is  mentioned  that 
the  quantity  of  gas  liberated  under  given  conditions  is  a  func- 
tion not  only  oi  the  current  density  per  unit  surface  of  elec- 
trode but  also  of  the  rate  of  alternation. 

No  statement  of  the  connection  that  exists  between  these 
variables  seems  to  have  yet  been  published.  The  following 
experiments  made  recently  at  Mr.  T.  A.  Edison's  laboratory 
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for  the  purpose  of  investigatiDg  this  matter  show  that  under 
certain  couditions  the  quantity  oi  gas  liberated  is  in  very  close 
accordance  with  that  which  a  continuous  current  of  equal 
strenecth  would  supply,  and  hence  afford  ground  for  the  hope 
that  it  will  shortly  be  possible  to  measure  the  strengths  of 
alternating  currents  by  the  voltameter  as  closely  and  as  con- 
veniently as  in  the  case  of  continuous  currents. 

Two  methods  have  been  tried.  (1)  The  condenser  method 
or  incomplete  metallic  circuit.  (2)  The  ordinary  method  with 
complete  metallic-and-liquid  circuit. 

Several  series  of  measurements  have  been  made,  all  agreeing 
very  fairly.  The  following  series  taken  at  one  time  wilTsuffice 
for  all. 

The  source  of  the  alternating  current  was  a  Siemen's  alter- 
nating dynamo  machine  designed  for  100  volts,  the  electro- 
motive force  being  readily  under  control  through  the  current 
in  its  field  magnets;  the  speed  of  revolution  on  the  occa- 
sion of  this  experiment  was  steady  at  1470  per  minute.  At 
this  speed  its  alternations,  being  8  to  the  revolution,  are  196 
per  second. 

The  voltameter  was  of  special  construction.  An  ordinary 
glass  evaporating  dish  11*5*^""  in  diameter  and  6'3  high  was 
filled  about  two-thirds  with  a  10  per  cent  (by  weight)  solution 
of  pure  sulphuric  acid  in  distilled  water,  tne  density  of  this 
solution  being  1*065  at  19°  C.  At  the  bottom  of  the  dish  was 
immersed  a  disk  of  resinous  material  5^""  in  diameter  and  1*2*^* 
higli.     Twelve  platinum  wires  of  different  lengths  but  equal 
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diameter  (0*0178'™")  projected  vertically  from  the  upper  surface 
of  the  disk,  so  as  lo  stand  in  a  ring  of  4*^'""  diameter  and  equi 
distant  from  each  other.     These  wires  were  ranged  from  1  5 
down  to  0*025*^"^*  in  length,  the  corresponding  wires  across  one 
diameter  having  as  closely  as  possible  equal  lengths.     Connec- 
tions with  rubber-covered  wires  sealed  in  the  material  of  the 
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1. 


made  six  little  Beparate  voltameters  each  with  its  own  pair 
isulated  leads.  ^By  uniting  more  or  less  of  these  leads  out- 
the  dish,  the  voltameter  might  be  made  to  comprise  any 
1  of  the  couples  of  electrodes,  thus  (enabling  a  considerable 
e  of  electrode  area  to  be  at  command  as  shown  by  the  pre- 
tig  table. 

ver  this  sextuple  voltameter  there  rested  a  glass  bell  Y°""  in 
leter,  terminating  after  10*^'  of  elevation  in  a  vertical  glass 
of  uniform  bore  37'5^"  long  and  about  0'6°°"  internal 
leter,  closed  at  the  top  by  a  rubber  tube  and  clamp.  This 
was  graduated  for  volume  by  comparison  with  a  burette 
found  to  have  a  capacity  per  linear  centimeter  from  several 
>urements  of  0'2684  dz  0*002  c.  c.     In  using  the  instrument, 

the  tube  and  bell  were  filled 
with  solution  and  gas  electro- 
lytically  generatea  until  the 
latter  stood  at  a  certain  mark 
near  the  top.  All  being 
ready,  the  measured  current 
was  then  passed  through  the 
apparatus  for  a  noted  inter- 
val, at  the  end  of  which  the 
length  of  tube  occupied  by 
gas  was  measured  downward 
irom  the  fiducial  mark. 

In  the  condenser  method 
the  connections  were  as 
shown  in  the  diagram :  where 
A  is  the  adjustable  con- 
denser, V  the  voltameter 
with  commutators  c  c  for 
connecting  the  separate 
des  of  plates  in  multiple,  B  a  Cardew  voltmeter,  and  1 1 
leads  to  the  dynamo. 

nder  these  conditions  we  know  that  the  absolute  quantity 
urrent  passing  through  the  voltameter  assuming  that  the 
jdic  variation  of  electromotive  force  follows  the  sine  law  : 


Q,=.n7t  ektxiiy 


-1 


0) 


re  Q  is  the  absolute  quantity  of  electricity  that  traverses 
voltameter  in  time  t^  e  is  the  mean  alternating  potential 
rence  as  indicated  by  the  Cardew  voltmeter  B ;  A  is  the 
city  of  the  condenser  A  in  microfarads ;  and  n  is  the  num- 
)f  alternations  per  second.  This  formula  is  thus  indepen- 
of  the  resistance  of  the  voltameter,  which  is  quite  negli- 
j  under  these  conditions.  If  V^  be  the  volume  of  gas  at 
Centigrade  theoretically  decomposed  by  a  continuous  cur- 
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irent  c  in  absolute  measure  equivalent  to  the  passage  of  this 
quantity  Q,  we  have 

c=in7t  ekx  lO"''  (2) 

and  V,  =  6-43  nektx  lO"''  (8) 

Besides  the  Cardew  voltmeter  steady  potential  indication,  a 
€]nadrant  electrometer,  not  shown  in  the  diagram,  with  its 
xieedle  connected  to  one  pair  of  quadrants,  was  employed  to 
measure  the  potential  difference  at  the  voltameter  terminals 
and  thus  indicate  its  mean  resistance. 

The  preceding  table  eives  the  results  of  10  measurements. 
The  volume  of  the  gas  is  corrected  for  temperature,  but  no 
correction  is  introduced  for  the  barometric  pressure  or  the  ten- 
sion sustained  by  the  eas  in  the  tube. 

The  condenser  used  was  adjustable  from  0*001  up  to  5  mi- 
crofarads, and  from  absolute  determinj^tions  is  probably  accu- 
rate to  at  least  0*5  per  cent. 

The  last  two  columns  show  that 


When  the  density  of  the  percentage  of  gas  actually 

current  per  sq.  cm.  of  generated  of  that  calculated 

either  electroae  was :  as  due  was : 

1-12 6-2  percent. 

7-9 38  " 

30-4  (average) 82-6  " 

31-5 78-4  ** 

46-1  (average) 89-3  " 

50-1 100-8  " 

62-6  (average) 95-3  '* 

69-7 , 98-0  " 

141-8 95-6  " 

The  trials  Nos.  13,  14  and  15  were  taken  without  condenser, 
and  with  non-inductant  resistances  in  its  place.  In  trial  No. 
13  this  resistance  was  a  length  of  fine  platinum  wire  offering 
720  ohms  (hot).  In  trial  Nos.  14  and  15  the  resistance  was  a 
96  volt  10  candle-power  Edison  lamp  offering  280  ohms  resist- 
ance at  equivalent  illumination.  In  calculating  the  current 
strengths  for  these  three  observations,  the  resistance  of  the 
voltameter  itself  was  required.  It  was  measured  in  two  ways : 
Ist,  by  means  of  the  quadrant  electronieter  and  the  potential 
differences  it  indicated  on  the  known  resistance  and  on  the 
voltameter;  2d,  by  rapidly  substituting  a  noninductant  resist- 
ance alternately  with  the  voltameter  in  the  lamp  circuit  and 
adjusting  this  resistance  until  the  illumination  was  equal  in 
both  cases.  These  two  methods  concurred  in  showing  the 
resistance  of  the  voltameter  to  be  30  ohms,  and  the  maximum 
resistance  it  offered  through  the  whole  series  was  35  ohms. 

The  table  shows  that 
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When  the  current  density  The  per  centa^re  of  calculated 

per  sq.  cm.  of  either  elec-  gas  actually  liberated  was: 

trode  was : 

20-9 52 

59-3 95-3 

These  results,  corroborated  by  several  previous  series,  go  to 
show  that  for  a  rate  of  alternation  of  200  per  second  and  cur- 
rents of  between  01  and  0*35  amperes  the  quantity  of  g» 
generated  by  an  alternating  current  in  a  voltameter  is  approxi- 
mately equal  to  that  generated  by  an  equal  continuous  current 
when  the  mean  cuiTent  density  at  the  surface  of  the  electrcidc 
is  above  50. amperes  per  sq.  cm.  of  each  ;  that  below  that  den- 
sity the  quantity  of  gas  developed  rapidly  diminishes,  and  that 
below  1  ampere  per  sq.  cm.  soon  disappears. 

Also  that  the  resistance  of  a  voltameter  with  very  small 
plates  traversed  by  an  alternating  current  is  much  less  than 
that  it  would  offer  to  an  equal  continuous  current.  Were  this 
not  the  case,  the  resistance  of  a  voltameter  for  alternating  cur- 
rent measurements  might  for  many  purposes  prove  prohibi- 
tively great. 


Abt.  XLVII. — Hemarks  on  the  Fauna  of  the  Great  Sm<^ 
Movntains^'  with  Description  of  a  new  spe^iies  of  Red- 
haeh'd  Mouse  {Evotomys  CaroUnensis) ;   by  Dr.  C.  Habt 

Merriam. 

The  fauna  of  the  higher  portions  of  the  southern  Allegha- 
nies  remained  almost  unknown  until  1870,  when  Prof.  E.  D. 
Cope  published  a  paper  on  the  subject.*  His  bird  notes  were 
made  so  late  in  the  season  (in  August  und  September)  as  to  in- 
clude the  beginning  of  the  fall  migration  and  hence  are  without 
value  so  far  as  concenis  the  faunal  position  of  the  region. 
Among  mammals,  he  recorded  the  Red  Squirrel  and  Canada 
Lynx  as  inhabiting  the  higher  mountains.  A  single  specie^  of 
Salamander,  the  northern  Desmognathus  ochrophcBus^  was  found 
on  the  high  peaks  of  the  Black  Mountains. 

The  botany  of  the  region  received  considerable  attention,  but 
sixteen  years  passed  after  the  appearance  of  Prof.  Cope's  paper 
before  anything  of  importance  was  contributed  to  our  knowl- 
edge of  its  vertebrate  fauna.  In  1886  Mr.  William  Brewster 
published  the  results  of  a  very  brief  visit,  made  at  the  begin- 
ning of  the  breeding  season  of  birds,  to  the  mountains  of  west- 
ern North  Carolina  (The  Auk,  iii,  1886,  94-112;    173-179). 

*  ObscrvntioQs  on    the    Fauna  of  the  Southern  Alleghanies.      Am.  Nat  ir, 
1870,  pp.  392-402. 
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On  the  higher  summits  Mr.  Brewster  found  breeding  in  abund- 
ance such  northern  birds  as  the  Winter  Wren,  Golden-crested 
Kinglet,  Red-bellied  Nuthatch,  Junco,*  Solitary  Vireo,  Olive- 
sided  Flycatcher,  Red  Crossbill,  Pine  Linnet,  Black-throated 
Blue  Warbler,  Blackburnian  Warbler,  Canada  Flycatching 
Warbler,  and  several  others.  He  found  the  region  separable 
into  the  Canadian,  Alleghanian,  and  Carolinian  Faunae,  con- 
cerning which  he  says :  "  The  boundaries  of  these  divisions  are 
determined  chiefly  by  elevation,  the  Canadian  occupying  the 
tops  and  upper  slopes  of  the  higher  mountains  down  to  about 
4500  feet,  the  Alleghanian,  the  mountain  sides,  higher  valleys, 
and  plateaus  between  4500  and  2500  feet,  and  the  Carolinian 
everything  below  the  altitude  last  named." 

Two  of  the  Canadian  birds,  namely  the  Junco  and  the  Blue- 
headed  Vireo,  were  found  to  be  distinguishable  from  their 
northern  representatives,  and  hence  were  subspecifically  separa- 
ted under  the  names  Junco  hy emails  CaroUnensis  and  Vireo 
solitarius  alticola^  respectively. 

During  the  summer  of  1887  it  was  my  good  fortune  to  visit 
this  very  interesting  region,  in  company  with  Mr.  Henry  Gan- 
nett, Chief  Geographer  of  the  U.  S.  Geological  Survey.  By 
Mr.  Gannett's  kindness  I  was  enabled  to  accompany  him  dur- 
ing a  buckboard  drive  of  several  hundred  miles  through  the 
Great  Smokv  Mountains  of  Tennessee  and  North  Carolina. 
Although  we  entered  the  mountains  in  the  last  week  of  July, 
migration  had  already  begun,  and  it  was  impossible  in  most 
cases  to  discriminate  between  the  resident  and  migrant  birds. 
In  the  case  of  the  Junco,  however,  young  were  found  in  all 
stages  of  development  from  the  newly  hatched  nestling  to  the 
f ulTy  adult  bird  ;  and  the  important  fact  was  ascertained  that 
the  local  form  inhabiting  these  mountains  is  specifically  distinct 
from  its  northern  congener.  Hence  it  must  stand  as  Junco 
CaroUnensis  Brewster. 

Of  mammals,  the  Black  Bear,  Wolf,  Deer,  Wild  Cat,  both 
Red  and  Gray  Foxes,  Raccoon,  Opossum,  and  Gray  Squirrel 
still  occur  in  greater  or  less  abundance  according  to  the  locality 
and  altitude.  The  Panther,  Porcupine,  Pekan,  and  Varying 
Hare  are  unknown.  The  Chipmunk  {l^amias  striatus)  and 
Woodchuck  or  Ground  Hog  {Arctomys  monax)  were  common 
in  places  in  the  Alleghanian  belt,  about  half  way  up  the  moun- 
tains; and  the  Gray  Rabbit  (Z^/>?^«  sylvaticns\  Red  Squirrel 
{Sciurus  Iludsonius)^  and  a  Red-backed  Mouse  {Evotomys\ 
were  common  oil  the  higher  summits.  The  latter  genus  is  cir- 
cumpolar  in  distribution  and  has  not  been  previously  recorded 
from  any  locality  south  of  Massachusetts  The  present  repre- 
sentative of  the  genus  is  about  double  the  size  of  the  Canadian 
Evotomys  Gapperi^  and  proves  to  be  distinct  from  any  previous- 
ly described  species.     It  may  be  characterized  as  follows : 


460     C,  H,  Merriam — Fauna  of  Great  Smoky  MauniavM. 

Evotortiya  CaroHnenaiSj  sp.  nov. 

Type  3660,  9  adult,  Merriam  Collection.  From  Roan 
MonntaiD,  North  Carolina  (altitude  6000  feet),  Angnst  11 
1887.     C.  H.  M. 

Description  of  type. — Size  much  larger  than  that  of  any 
other  known  representative  of  the  genus.  The  following 
measurements  were  taken  in  the  flesh:  total  length  164"; 
head  and  body  111™™ ;  •  nose  to  eye  13°™ ;  to  center  of  pupil 
15™™ ;  nose  to  occiput  29™™ ;  tail  vertebrae  44°^ ;  pencil  ?"; 
fore  foot  13™™ ;  hind  foot  21™™ ;  fore  leg  26™™  ;  hind  leg  37"; 
height  of  ear  from  crown  11™™;  distance  between  eyes  ^; 
Ears  large,  suborbicular,  prominent ;  superior  mai^n  much  in 
curved  but  not  inflexed ;  superior  root  considerably  anterior  to 
plane  of  meatus ;  antitragus  large,  its  anterior  root  curving  up- 
ward in  front  of  meatus  and  almost  reaching  the  superior  root 
of  the  auricle.  Tail  long  and  slender,  tapering  from  base  to 
tip:  not  sharply  bicolor,  though  paler  below  than  above. 
Whiskers  black  and  white,  reachmg  little  beyond  tips  of  earR. 
Hind  feet  very  large,  and  as  broad  as  in  Arctic  rutiluSj  thougb 
by  no  means  so  densely  haired ;  dark,  with  whitish  hairs  abont 
the  nails ;  posterior  third  of  soles  well  haired. 

Upper  parts  dark,  with  a  liberal  admixture  of  black-tipped 
hairs  (agreeing  in  this  respect  with  specimens  of  J?.  Gapperi 
from  the  upper  Red  River  Yalley);  dorsal  stripe  dull  chestnut 
and  very  broad,  spreading  out  laterally  and  almost  fading  in 
sensibly  into  the  fulvous  suffusion  of  the  sides  (in  all  the  other 
known  forms  the  dorsal  stripe  is  sharply  defined  laterally). 
Sides  bister,  strongly  suffused  with  light  nilvous  all  the  way 
from  the  clieeks  to  the  thighs.  Color  of  sides  reaching  down 
so  far  as  to  seem  to  encroach  on  the  whitish  of  the  belly,  com- 
pletely envcloj)ing  the  legs.  The  belly  is  strongly  washed  with 
ochraeeous. 

Desn'ipdion  of  other  specimens. — A  number  of  specimens 
from  Highlands,  N.  C,  collected  in  February,  March,  and 
April,  agree  with  the  above  in  all  CvSsential  respects.  The  line 
sejxirating  the  color  of  the  sides  from  that  of  the  belly  is  always 
distinct  and  sometimes  sharply  defined  (as  in  Nos.  2057$,  and 
231 4  ^  )  The  plumbeous  basal  portion  of  the  fur  shows  throucrlj 
on  the  throat  hut  not  on  the  belly,  where  it  is  usually  entirely 
obscured  by  the  whitish  apical  portion.  The  ochraeeous  wash 
is  strongest  on  the  middle  of  the  belly.  The  tail  varies  in  length 
in  the  dry  skins  from  44™"'  to  58""",  but  these  measurementN 
must  be  regarded  as  approximate  only,  owing  to  possible  dis- 
tortion in  preparing  the  specimens.  It  is  always  bicolor  with  a 
distinct  line  of  demarcation,  though  the  under  surface  is  never 
white.  The  average  length  of  the  hind  foot  in  six  dry  skins  is 
19-5™™. 
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JIT.  XLVIIL — On  a  new  Thorium  Mineral^  Auerlite ;  by 
W.  E.  Hidden  and  J.  B,  Mackintosh. 

While  one  of  us  was  about  completing  a  contract  for  twenty- 
X  tons  of  zircons,  to  supply  a  recent  large  demand  for  that 
lineral,  several  crystals  oi  the  mineral  forming  the  subject  of 
lis  paper  were  noticed  in  the  very  last  shipments  from  the 
line.  As  the  quantity  then  found  was  insufficient  for  a  com- 
lete  chemical  and  physical  examination,  the  locality  was  re- 
isited  in  July  last  and  for  five  weeks  a  systematic  and  laborious 
5arch  for  the  mineral  in  situ  was  carried  on.  We  had  already 
roved  it  to  be  a  hydrous  mineral  rich  in  thoria,  with  silica  and, 
xangely,  a  very  appreciable  quantity  of  phosphoric  acid.  Our 
iterest  was  centered  upon  its  Apparent  anomalous  composition 
Qd  a  series  of  careful  analyses  was  made  by  one  of  us  as  soon 
I  the  necessary  material  was  procured.  As  the  result  of  the 
iarch  at  the  locality  not  quite  100  grams  were  found  and  it 
ecame  necessary  to  mine  over  200  kilos  of  zircons  to  get  even 
lis  small  amount. 

It  has  thus  far  been  found  at  only  two  places  in  Henderson 
Joanty,  North  Carolina,  namely,  at  the  well-known  Freeman 
line,  on  Green  River,  and  on  the  Price  land,  three  miles 
>uthwesterly.  At  both  places  it  occurs  in  disintegrated  grnn- 
iic  and  gneissic  rocks  intimately  associated  with  crystals  of 
ircons,  and  it  is  often  seen  implanted  upon  them — as  a  second 
r  after-growth — in  parallel  position. 

The  color  on  a  fractured  surface  ranges  in  different  crystals 
pom  a  pale  lemon-yellow  through  various  shades  of  orange  to 
deep  brown-red.  The  form  is  distinctly  tetragonal,  only  the 
nit  pyramid  and  prism  being  observed,  and  excepting  a  ten- 
ency  to  a  longer  prismatic  development,  it  is  much  like  the 
Dmmon  type  of  zircon  found  throughout  the  region.  The 
ices  being  very  rough  and  uneven,  no  constant  angles  could 
e  obtained  on  any  of  the  material,  but  they  closely  approxi- 
late  to  those  of  zircon. 

Fragments  of  the  mineral  resemble  some  varieties  of  gum- 
lite  and  deweylite,  but  have  a  more  waxy  or  rosin  like  appear- 
nce.  It  is  sub-translucent  to  opaque,  and  has  a  dull  yellowish 
rhite  exterior.  It  is  very  brittle  and  easily  crumbled.  The 
ardness  varies  from  2*5  to  3,  some  crystals  barely  scratching 
leavage  surfaces  of  calcite.  The  specific  gravity  has  a  wide 
uige,  i  e.  from  4422  to  4*766,  the  darkorange-red  crystals 
aving  the  highest  density.* 

*  Some  of  the  crystals  were  much  lighter  in  color,  softer  and  of  specific  gravity 
t>m  3*7  to  3*8.    These  we  propose  to  examine  and  report  upon  later. 

Ax.  Jour.  Scl— Third  Sbriss,  Vol.  XXXYI,  No.  216.— Deo.,  1888. 
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The  largest  mass  found  measared  1^  through  the  prism,  and 
it  was  evidently  only  part  of  what  had  been  a  long  cryatsi 
The  bulk  of  what  we  collected  is  in  a  very  fragmentary  condi- 
tion, down  to  masses  and  broken  crystals  of  1"™  diameter. 

Our  analyses  have  given  the  following  results: 
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If  the  amount  of  CO,  in  analysis  number  3  is  assumed  to 
be  the  same  as  it  is  in  5,  and  if  we  take  the  amount  of  H,0  as 
the  diflFerence  between  the  loss  on  ignition  and  the  CO^  the 
ratio  of  hydrogen  equivalents,  of  bases  and  acids  (assuming  the 
carbonates  to  be  admixed  impurity),  is  nearly  2:1:2.  Thfe 
gives  the  formula, 

ThO„  I  ^|;g|  [  2H,0. 

or  a  thorite  in  which  part  of  the  silica  is  replaced  by  its  equiva- 
lent in  phosphoric  acid,  when  3SiO,=lP,0,.  The  ratio  of 
silica  to  phosphoric  acid  is  variable  and  is  approximately  1 : 1 
in  hydrogen  equivalents ;  but  the  P,Oj  tends  to  be  in  excess. 

We  have  considered  it  possible  that  this  mineral  is  a  mixture 
of  a  hydrated  thorium  phosphate  with  a  hydrated  thorium  sili- 
cate, in  some  respects  analogous  to  the  occurrence  of  zirconium- 
silicate  (zircon)  in  parallel  position  with  yttrium-phosphate 
(xenotime),t  although  there  is  nothing  in  the  appearance  to 
suggest  this — the  mineral  seeming  to  be  perfectly  homogeneous, 
except  on  the  exposed  surfaces.  It  is  more  probable,  however, 
that  we  have  here  an  example  of  a  partial  replacement  of  silica 
by  phosphoric  acid,  whicli  fact  has  not  yet,  to  our  knowledge, 
been  noticed  in  the  literature  of  Mineralogy ;  unless  we  should 
so  regard  the  small  proportion  of  P,Oj  (4*17)  which  EakinsJ 
observed  in  the  xanthitane  (altered  titanite)  from  the  same 
locality. 

This  occurrence  of  a  thorium  phosphate  is  the  first  instance 
of  such  a  compound  existing  in  nature  and  seems  to  have  a 

♦  Including  other  oxides  with  traces  of  thoria. 

f  This  Journal.  Nov.,  1888.  p.  380. 

X  This  Journal,  vol.  xxxv,  p.  418,  May,  1888. 
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direct  bearing  upon  the  presence  of  thorium  in  monazite,  and 
we  believe  that  the  idea  that  thorium  is  included  in  monazite 
as  thorite — mechanically  intermixed — should  be  modified  in  so 
much  that  the  thoria  should  be  considered  as  partially  present 
as  a  phosphate  and  the  cerium  earths  partially  present  as  sili- 
cates. 

This  mineral  is  readily  soluble  in  hydrochloric  acid,  leaving 
a  residue  of  gelatinous  silica :  after  ignition  it  becomes  insoluble. 
Thorium  phosphate  is  generally  regarded  as  a  very  insoluble 
compound,  but  the  ready  solubility  of  this  mineral  seems  to 
disprove  that  opinion. 

It  is  infusible  and  upon  strong  ignition  becomes  dull-brown 
and  on  cooling,  orange  again. 

Thorite  crystals  having  the  form  of  zircon  have  been  de- 
scribed by  Zschau  ;*  and  Nordenskioldjf  and  later  Br6gger,J 
have  expressed  the  opinion  that  the  mineral  known  as  thorite  is 
a  pseudomorph  after  an  original  thorium  silicate  analogous  to 
zircon  in  composition.  This  view  is  confirmed  by  the  fact  that 
this  new  mineral  occurs  intimately  associated  with  and  implanted 
upon  perfectly  unaltered  zircon. 

As  this  mineral  was  found  while  mining  the  very  large  quan- 
tity of  zircons  necessary  to  supply  the  demand  caused  by  the 
invention  of  the  system  of  incandescent  gas-lighting  oi  Dr. 
Carl  Auer  von  Welsbach,  we  propose  to  name  it  Atcerlite  in 
his  honor. 


Abt.  XLIX. — On  a  new  Sodium  miVphuto-chloride^  SuVpUo- 
halite;  by  W.  E.  Hidden  and  J7  B.  Mackintosh. 

It  was  in  the  mineral  collection  of  Mr.  Clarence  S.  Bement,  of 
Philadelphia,  and  along  with  a  series  of  remarkable  crystals  of 
hanksite  that  one  of  us  first  noticed  the  mineral  here  described ; 
it  was  recognized  by  a  few  simple  tests  to  be  a  new  species. 
It  had  been  considered,  at  the  locality,  to  be  '*  a  rhombonedral 
type  of  hanksite  "  and  the  misinterpreted  form  of  its  crystals 
— ^implanted  as  they  were  upon  hanksite — was  the  reason  for 
that  opinion  A  few  measurements  with  a  hand  goniometer 
soon  snowed  them  to  belong  to  the  isometric  system  and  the 
form  to  be  the  simple  rhombic  dodecahedron.  The  mineral 
occurs  only  as  crystals,  which  are  in  form  and  sharpness  of  an- 
gle, all  that  could  be  desired.  It  is  transparent  with  a  faint 
greenish-yellow  color.  The  crystal  faces  are  smooth  and  well 
polished  and  vary  in  size  from  \  to  2^*™  diameter.     The  spe- 

*  This  Journal,  II,  xxvi,  359;  see  also  Dana's  Sjst  Min.,  Ed.  1868,  p.  413. 
f  QeoL  For.  Forh.,  iii,  226,  1876;  see  also  App.  lU,  Dana's  Min.,  p.  121. 
X  Ibid,  XL,  258,  1887. 
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cific  gravity,  as  taken  in  naphtha,  is  2*489.  Their  hardness  is 
about  3*5.  The  mineral  is  very  slowly  soluble  in  water  and  re- 
mains unaltered  in  a  moderately  dry  atmosphera  A  careful 
analysis  by  one  of  us  on  amounts  of  100  and  120  milligrams 
yielded  the  following  results : — 

CI 13-12  per  cent. 

SO, 42-484     « 

Na,CO,   ._ 1-77       " 

Calculating  the  chlorine  and  sulphur  as  combined  with 
sodium  only,  we  get 

NaCl    21-624 

Na,SO, 75-411 

Na.CO, 1-77 

98  805 

The  formula  figures  out  exactly,  if  the  loss  and  the  Na,CO, 
are  estimated  with  and  as  Na,SO^ ;  i.  e.,  if  the  loss  is  Na^O, 
and  we  consider  the  Na,CO,  as  replacing  a  little  Na,SO^. 

The  formula  can  then  be  expressed  thus :  Na,(fSO^,  JCl,)  or 
SNajSO^,  2NaCl.  Excepting  the  very  rare  mineral  connellite, 
from  Cornwall,  England,  which  is  believed  to  be  a  cupreous 
sulphato-chloride  (crystallizing  in  the  hexagonal  system),  we 
know  of  no  other  species  related  in  composition. 

We  learn  from  Dr.  A.  E.  Foote,  in  whose  stock  of  Borax 
Lake  minerals  we  were  fortunate  enough  to  find  the  single 
specimen  of  the  mineral  used  in  this  examination — that  oe 
had  visited  the  locality  this  past  summer  and  that  about  one 
month  before  his  arrival  a  company  had  been  testing  the 
immense  alkaline  deposit  of  Borax  Lake  (San  Bernardino 
County,  California),  and  had  drilled  an  eight  inch  hole  to  a 
depth  of  over  100  feet.  At  a  depth  of  35  feet  a  small  cavity 
was  discovered  from  which  there  were  pumped  out  through 
the  drill  hole  the  mineral  here  announced,  with  some  very 
remarkable  crvstals  of  hanksite. 

But  three  examples  are  at  present  known  to  us,  and  two  of 
these  of  remarkable  beauty,  are  in  the  Bement  collection,  the 
other  specimen  (a  crystal  about  one  inch  thick,  having  long 
prismatic  hanksites  implanted  upon  it),  is  the  one,  upon  a  part 
of  which,  this  analysis  was  made. 

It  is  a  matter  of  interest  to  note  that  this  mineral,  with  its 
anomalous  formula,  should  occur  with  and  be  associated  upon 
another  mineral,  hanksite,  having  a  like  strange  composition. 

We  propose  for  this  new  mineral  the  name  sidphohaliU  as 
suggesting  its  remarkable  composition. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Vapor-density  of  Aluminum  chloride. — The  experi- 
ments of  Nilson  and  Pettersson  (Zeitschr.  phys.  Chem.,  i,  459) 
seemed  to  show  that  aluminum  chloride  when  heated  in  an  at- 
mosphere of  carbon  dioxide  gave,  at  a  temperature  of  about  835% 
a  vapor-density  corresponding  to  the  formula  AlCI,;  and  this 
without  evidence  of  decomposition,  although  above  935°  the  plat- 
inum vessel  was  attacked.  Fribdbl  and  Cbafts  have  pointed 
out  that  exact  results  are  obtained  with  V.  Meyer's  method 
(which  was  the  one  used  by  Nilson  and  Pettersson)  only  when 
there  is  no  diffusion  of  the  vapor  into  the  air  of  the  apparatus. 
And  they  have  therefore  re-determined  the  vapor-density  of  alu- 
minum chloride  by  the  method  of  Dumas,  taking  great  care  to 
obtain  and  to  maintain  the  substance  perfectly  anhydrous.  The 
aluminum  chloride  was  obtained  by  sublimation  in  large,  coloi> 
less  and  comparatively  non-hygroscopic  crystals,  which  though 
Tolatilizing  directly  without  fusion  at  ordinary  pressures,  melt 
at  about  186^  under  a  pressure  of  2'5  atmospheres.  The  vapor- 
pressure  iJiJ'this  substance  was  found  to  be  252*1  mm.  at  16V'8°; 
311-4  mm.  at  170-4*;  3165  mm.  at  171-9°;  430-7  mm.  at  1757°; 
755r4  mm.  at  182*7°;  1793-4  mm.  at  204-2°;  2016-1  at  207*5°; 
and  2277*5  mm.  at  2 1 3*0*.  The  temperatures  at  which  the  vapor- 
densities  were  determined  were  218°,  263°,  306°,  357°,  390°,  398°, 
400°,  415°,  429°  and  433°;  and  the  results  agreed  closely  with 
the  density  9*24,  the  value  corresponding  to  the  formula  A1,C1, ; 
thus  confirming  the  earlier  results  of  Devil le  and  Troost.  Since 
the  lowest  temperature  at  which  Nilson  and  Pettersson  operated 
was  440°,  it  may  be  that  the  lower  values  obtained  by  them  are 
due  to  a  dissociation  of  the  molecule  Al  CI.  into  (AlCl,)^  analo- 
gous to  that  of  iodine,  or  into  A1,C1^  and  CI,  as  in  the  case  of  fer- 
ric chloride.  The  authors'  experiments  prove,  however,  that  alu- 
minnm  chloride  becomes  a  perfect  gas  at  218%  or  35  degrees 
above  its  boiling  point ;  and  that  the  density  of  this  vapor  is  sen- 
sibly the  same  up  to  400°.  Hence  they  conclude  that  the  formula 
of  this  substance  is  Al^Cl. ;  a  conclusion  in  agreement  with  the 
determinations  of  Louise  and  de  Roux  of  the  vapor-densities  of 
aluminum  methide  and  aluminum  ethide. —  V.  i?.,  cvi,  1764;  J, 
Chem.  Soc.y  liv,  1040,  Oct.,  1888.  g.  p.  b. 

2.  On  Freezing  mixtures  containing  solid  Carbon  dioxide, — 
Caillktet  and  Colardeau  have  determined  the  temperature  of 
solid  carbon  dioxide,  alone  as  well  as  when  mixed  with  other 
suitable  substances,  in  air  and  in  vacuo.  For  this  purpose  they 
used  a  thermo-electric  couple  which  had  been  calibrated  by  com- 
parison with  a  hydrogen  thermometer.  The  carbon  dioxide  alone, 
either  compressed  or  porous,  when  exposed  to  the  air,  had  a  tem- 
perature —60°  and  when  in  a  vacuum  over  potassium  hydrate. 
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—  76°.  When  mixed  with  ether,  the  dioxide  had  a  temperature 
of  —77°  in  air  and  of  —103°  in  a  vacuum.  Licfuid  carbon  diox- 
ide solidifies  in  such  a  mixture.  On  the  addition  of  the  solid 
dioxide  to  the  ether  it  at  first  dissolves,  and  after  a  time  bubbles 
of  gas  are  evolved.  On  continuing  to  add  the  dioxide  the  liquid 
becomes  saturated  and  opalescent,  the  temperature  falling  until 
the  instant  of  saturation  is  reached,  when  no  farther  fall  of  tem- 
perature occurs  OD  adding  more  dioxide.  Hence  it  would  appear 
that  the  effect  of  the  ether  is  due  simply  to  its  dissolving  the  di- 
oxide. Other  solvents  may  be  used.  Methyl  chloride  gives 
—82°;  sulphurous  oxide  —82°;  amyl  acetate —78**;  phospho- 
rous chloride  —76°;  alcohol  —72°;  and  ethylene  chloride  —60°. 
When  the  mixture' with  methyl  chloride  or  sulpburoas  oxide  is 
placed  in  a  vacuum  the  temperature  is  lowered  to  a  point  it 
which  the  solvent  solidifies  and  then  no  farther  reduction  takes 
place.     The  temperature  thus  obtained  with  methyl  chloride  is 

—  106°.  A  mixture  with  chloroform  solidified  at  the  ordinary 
pressure  at  —77°. —  C.  72.,  cvi,  1631;  J.  Chem.  jSoc^  liv,  1025, 
Oct.,  1888.  G.  F.  R 

3.  On  the  Determination  of  the  Heat  of  Combustion  of  Cook 
— Scheubbr-Kestnbr  has  analyzed  and  has  also  determined  the 
heat  of  combustion  of  twenty-one  samples  of  coal  from  the  north 
of  France,  by  direct  experiment,  and  has  compared  the  results 
with  those  calculated  from  the  composition  of  the  coalis.  The 
coal  in  small  fragments  was  burned  in  a  rapid  current  of  moist 
oxygon  in  a  Favre  and  Silbermann's  calorimeter ;  the  results  being 
corrected  by  subtracting  from  the  heat  of  combustion  actually  ob- 
served with  the  moist  gas,  and  consequently  with  complete  con- 
densation of  the  water  formed,  the  number  of  calories  equiva- 
lent to  this  condensation.  Since  the  combustion  of  hydrogen 
gives  34,500  or  29,088  calories  according  as  the  water  formed  is 
condensed  or  is  in  the  state  of  vapor,  the  difference,  or  5413  ca- 
lories, multiplied  by  the  content  of  the  coal  in  hydrogen,  repre- 
sents the  number  of  calories  to  be  subtracted  from  the  observed 
heat  of  combustion.  The  values  of  the  heats  of  combustion  ac- 
tually obtained  do  not  agree  with  the  values  calculated  from  the 
composition,  being  sometimes  greater  than  the  sum  of  the  heats 
of  combustion  of  the  constituents  and  sometimes  less.  Cornut 
has  proposed  a  formula  for  calculation  based  on  the  assumption 
that  while  solid  carbon  evolves  8080  calories,  the  heat  of  com- 
bustion of  carbon  in  the  state  of  vapor  is  11,214  calories.  But 
the  calculations  founded  on  this  formula  of  Cornut,  while  giv- 
ing results  somewhat  closer  to  those  actually  observed  in  some 
cases,  are  in  other  cases  so  far  from  the  truth  as  to  destroy  confidence 
in  it.  The  formula  of  Dulong  is  even  less  satisfactory.  No  explana- 
tion is  offered  as  to  the  cause  of  these  discrepant  results,  but  they 
seem  to  establish  the  important  fact  that  coal  has  been  formed  at 
least  in  part  by  endotherraic  reactions.  The  general  results  give 
between  8340  and  9257  calories,  the  mean  values  lying  between 
8400  and  8800  calories. — Ann.  Chim.  Phya.^  VI,  xv,  262,  Oct, 
1888.     J,  Chem.  Soc.^  liv,  774,  Aug.,  1888.  G.  P.  a. 
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4.  On  the  Wave-length  of  the  Double  red  line  in  the  spectrum 
of  Potassium. — By  means  of  a  Rqtherfurd  grating  ruled  on  glass, 
and  the  electric  arc,  Deslandres  has  succeeded  in  measuring 
the  wave-length  of  the  two  components  of  the  double  potassium 
line  in  the  red,  known  as  Ka.  Ue  finds  for  the  stronger  of  the 
two  lines  the  value  7663*0  ten-millionths  of  a  millimeter,  and  for 
the  weaker  line  the  value  7696*3  ten-mi  I  Months;  the  value  for  D 
being  taken  at  5888*9.  This  agrees  with  the  value  7680*0  found 
by  Mascart  for  the  group,  that  of  D  being  6888*0. —  C.  -R.,  cvi, 
789;  J.  Chem.  Soc^  liv,  637,  July,  1888.  •  G.  p.  b. 

5.  Electrical  discharges  in  gases  and  flames, — The  observation 
of  Hertz  upon  the  effect  of  the  ultra  violet  rays  upon  electrical 
•discharges  has  awakened  wide  spread  interest  in  Germany. 
Among  other  workers,  E.  Wikdemann  and  H.  Ebbbt  have  re- 
peated and  confirmed  Hertz's  results.  They  have  also  investi- 
gated the  effect  of  ultra  violet  rays  upon  electrical  discharges 
which  are  taken  in  various  media.  The  source  of  light  was  a 
Schuckert's  electric  arc  light.  It  was  found  that  the  effect  of  the 
ultra  violet  rays  was  greatest  when  the  electrodes  between  which 
the  electrical  discharge  passed  were  of  platinum.  A  telephone 
was  intercalated  in  the  circuit  and  the  character  of  the  discharge 
when  the  electrodes  were  in  the  violet  rays  and  when  they  were 
not  could  be  readily  distinguished.  A  glass  plate  which  allowed 
the  violet  rays  to  pass,  but  absorbed  the  ultra  violet,  immediately 
caused  the  phenomenon  to  disappear;  thus  it  was  shown  that  the 
ultra  violet  rays  alone  were  effective.  The  effect  varied  with 
the  character  of  the  electrodes,  being  greatest  with  platinum. 
And  then  in  the  following  order  :  zinc,  copper,  iron,  aluminum, 
palladium,  silver.  When  the  discharge  was  taken  from  the  sur- 
lace  of  a  liquid,  the  greatest  effect  was  always  obtained  when 
tlie  liquid  was  capable  of  absorbing  the  ultra  violet  rays.  The 
authors  believe  that  the  phenomena  can  be  attributed  to  the 
selective  absorption  for  ultra  violet  rays  of  the  surfaces  between 
which  the  electrical  discharges  pass.  The  short  wave-lengths  set 
the  molecules  on  these  surfaces  into  vibration  and  thus  aid  the 
disruptive  effect  which  is  seen  in  the  discharge.  The  phenomenon 
was  also  investigated  in  Geissler  tubes  and  with  low  pressures. 
W  hen  the  electrical  discharge  grew  rich  in  ultra  violet  rays,  the 
•effects  of  similiar  rays  from  the  arc  lamp  were  less  noticeable. 
The  discharge  was  also  taken  between  points  placed  in  flames 
which  were  colored  by  various  salts.  These  salts  changed  the 
character  of  the  discharge  greatly,  as  was  evidenced  by  the  noise 
in  a  telephone  connected  with  one  ot  the  electrodes.  The  greatest 
effect  was  obtained  from  potash  and  from  the  magnesium  salts, 
thus  affording  another  instance  of  the  effect  of  ultra  violet  rays 
affecting  the  electrodes  by  selective  absorption. — Ann.  der  Physik 
und  C&mie^  No.  10,  1888,  pp.  209-264.  J.  t. 

6.  Electrodynamic  effect  produced  by  the  movement  of  a  dieleO" 
4ric  in  an  electrical  field, — W.  C.  ROntgen  revolved  a  glass  or 
vulcanite  disc  between  two  horizontal  plates  of  a  condenser,  one 
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of  which  was  connected  with  the  earth,  the  other  with  the  soarot 
of  electricity.  Above  the  upper  condenser  plate  was  hung  i 
very  sensitive  magnetic  system.  The  direction  of  the  magnetie 
needles  was  perpendicular  to  a  radius  of  the  revolving  disc,  ftod 
their  middle  point  was  near  the  edge  of  the  disc.  The  devift- 
tion  of  this  system  was  measured  by  a  mirror,  telescope  and  8cile. 
The  author  concludes,  after  discussing  the  relation  of  the  effects 
observed  to  those  obtained  by  Rowland  and  by  others,  that  i 
small  electrodynamic  effect  can  be  noticed,  when  a  dielectric  is 
moved  in  a  homogeneous  electrical  field. — Ann.  der  Physik  und 
C/iemie,  No.  10,  1888,  pp.  264-270.  j.  t. 

7.  Light  and  Electricity, — Lord  Raylbigh  (B.  A.,  1888)  hss 
been  endeavoring  to  discover  if  an  electric  current  flowing 
through  an  electrolyte  causes  the  velocity  of  light  to  vary  throai^h 
the  liquid.  He  experimented  with  dilute  sulphuric  acid.  The 
result  was  negative  within  the  range  of  the  experiment,  which 
was  extremely  delicate.  In  11,80  diluted,  one  am|)^re  per  squire 
centimeter  does  not  alter  the  velocity  of  light  by  one  part  in 
thirteen  millions,  or.  by  fifteen  meters  per  second. — Nature,  Oct 
4,  1888,  p.  555.  J.  T. 

8.  The  energy  stored  in  permanent  strains ;  by  C.  Babus. 
(Communicated).  —  Apropos  of  certain  strain  experiments  of 
Wassmuth,  an  account  of  which  has  just  reached  me  in  the 
Beiblatter  (No.  9,  p.  648,  188b),  I  desire  to  advert  to  somewhat 
similar  results  which  I  have  in  hand.  I  brought  a  measured 
amount  of  work  to  bear  on  soft  metallic  wires,  and  by  deducting 
from  this  the  energy  thermally  dissipated  (measured  in  a  way 
essentially  like  that  of  Wassmuth),  I  was  able  to  express  defi- 
nitely the  energy  potentialized  in  effecting  given  changes  of 
molecular  configuration.  In  this  respect  my  work  and  purposes 
are  distinct  from  Wassmuth's.  Necessarily  operating  on  soft 
metal,  I  find  that  the  values  for  the  maxima  of  energy  stored 
under  given  conditions  differ  so  largely  in  different  metals,  that  1 
am  justified  in  treating  them  as  molecular  data  of  importance. 

II.    Geology  and  Mineralogy. 

1.  International  Congress  of  Geology, — The  members  of  the 
"Provisional  Committee"  appointed  at  the  Congress  in  London, 
with  reference  to  preparations  for  the  next  meeting  of  the  Con- 
gress at  Philadelphia,  whose  names  are  mentioned  on  page  389, 
met  at  New  Haven,  on  Thursday,  the  15th  of  November.  All 
were  ])resent  except  Dr.  T.  Sterry  Hunt.  By  vote  twenty-four 
members  of  the  permanent  or  organizing  committee  were  ap- 
pointed, as  follows:  C.  A.  Ashburner,  J.  C.  Branner,  T.  C.  Ch:ira- 
berlin,  G.  II.  Cook,  J.  D.  Dana,  W.  M.  Davis,  C.  E.  Dul- 
ton,  G.  K.  Gilbert,  James  Hall,  A.  Ileilprin,  C.  H.  Hitchcock, 
Joseph  LcConte,  J.  Leidy,  J.  P.  Lesley,  O.  C.  Marsh,  J.  S. 
Newberry,  J.  W.  Powell,  J.  R.  Procter,  N.  S.  Shaler,  J.  J. 
Stevenson,  C.   D.    Walcott,  R.    P.    Whitfield,   H.    S.   Williams, 
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Alexander  Winchell.  The  committee  has  power  to  add  to  its 
number.  Dr.  J.  S.  Newberry  was  appointed  temporary  chair- 
man. With  this  action,  the  duties  of  the  provisional  committee 
ended.  The  first  meeting  of  the  permanent  committee  will  be 
held  in  Washington  in  the  month  of  April. 

2.  American  Report  to  the  International  Congress  of  Geologists 
cU  the  meeting  in  London  commencing  September  17,  1888. — This 
Report,  as  the  title-page  states,  is  made  up  of  '^  Reports  of  the 
American  Sub-comraittees  appointed  by  the  American  Committee 
from  its  own  members,  assisted  by  associates,  and  is  *^  printed  by 
order  of  the  Committee.  Editor,  Persifor  Frazer."  It  contains 
valuable  papers  on  American  stratigraphical  geology  prepared 
chiefly  by  the  Chairmen  or  "  Reporters "  of  several  Sub-com- 
mittees, and  interesting  reading  as  the  personal  opinions  on  vari- 
ous questions,  which  were  gathered  in  by  the  assiduous  Secre- 
tary and  some  of  the  "Reporters"  through  epistolary  canvassing. 
But  on  controverted  points  it  is  a  "  majority"  report  of  the  Com- 
mittee and  of  its  several  Sub-committees,  and  a  minority. report 
ad  regards  American  geologists.  The  canvassing  gathered  opin- 
ions, but  not  the  final  views  which  free  discussion  among  the 
geologists  of  the  country  would  have  evoked.  Moreover  the 
methods  of  the  Committee  tended  to  suppress  discussion  even  in 
the  Sub-committees. 

The  Preface  of  the  published  Report  states  that  "  all  geologists 
were  invited  to  meet  the  American  Committee  in  Albany  during 
its  session  there  (April  6th,  1887),  in  order  to  aid  it  in  arriving 
at  a  correct  view  of  American  opinion."  Such  a  call  was  pub- 
lished in  volume  xxxiii  of  this  Journal  (1887) ;  but  the  notice  of 
the  next  meeting  at  Philadelphia,  communicated  to  the  same 
Tolume  by  the  Secretary,  shows  that  it  failed  of  the  object  an- 
nounced. 

At  the  only  meeting  attended  by  the  writer,  that  of  January 
last  at  New  Haven — not  then  resuming  active  membership,  as 
the  published  Report  states  in  its  Preface,  but  taking  my  first 
expi^ience  in  membership  after  receiving  my  first  notice. that  I 
was  a  member,  the  chairman, — Dr.  T.  Sterry  Hunt,  opened  the 
session  in  the  morning  by  announcing  that  five-minute  speeches 
only  would  be  allowed  in  discussions,  and  no  replies,  thus  showing 
at  the  outset  that  full  and  fair  consideration  of  questions  was 
not  to  be  permitted. 

During  the  day  the  reports  of  some  of  the  Sub-committees  were 
read  and  passed,  but  no  opportunity  was  allowed  for  the  discus- 
sion of  any  of  the  propositions  to  the  International  Congress 
which  they  contained.  Before  the  meeting  closed,  a  vote  was 
passed  by  which  "the  Reporters  of  the  Sub-committees  \^9.^eQX\ve\^ 
were  made  sole  and  final  judges  of  the  manner  in  which  com- 
munications received  from  other  geoloi^ists  should  be  used."  At 
the  same  time  "  the  reports  on  the  Archasan,  Devonic,  Carbonic, 
Mesozoic  and  marine  Cenozoic "  were  declared  adopted  and 
ready  for  printing,  and  those  ^'  on   the  Lower  Paleozoic  and  In- 
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terior  Cenozoic  were  referred  back  to  the  Sab-committees  making 
them,"  but  not  for  any  changeB,  except  8uch  as  the  ''Reporters" 
might  make.  I  was  not  aware  in  January  that  such  votes  had 
passed,  nor  that  any  of  the  reports  were  beyond  amendment, 
and  learned  of  it  first  through  a  letter  from  the  Secretary  in 
March.  Major  Powell  addressed  a  communication  on  the  sab* 
ject,  dated  March  27th,  to  Professor  Hall,  protesting  against 
such  a  ruling,  and  in  opposition  to  other  actions  of  the  Commit- 
tee, and  at  the  same  time  resigned  his  connection  with  it  For 
like  reasons,  I  did  not  attend  the  April  meeting. 

Finally,  at  the  April  meeting,  it  was  voted  that  no  copies  of 
the  published  report  should  be  delivered  before  September  17th, 
or  it)  other  words  that  the  printed  report  with  its  final  addi- 
tions should  be  kept  from  the  members  of  the  Committee  antil 
the  day  of  meeting  of  the  Congress  in  London.  And  so  ii 
was:  on  the  17th,  punctually,  the  first  copies  reached  me  in 
New  Haven. 

Under  such  partisan  management,  the  conclusions  in  the 
printed  reports  of  the  several  Sub-committees  were  not  likely  to 
represent  fairly  American  geological  opinions.  It  is  true  that  in 
connection  with  each  of  them  a  large  display  is  made  of  the  uamei 
of  the  members  of  the  Sub-committees,  and  of  all  of  them  in  each 
case,  as  if  they  were  alike  responsible  fof  the  contents,  and  as  if 
the  members  had  met,  at  least  once,  and  consulted  togeth«, 
read  the  last  emendations  and  signed  the  document.  But  in  this  it 
gives  a  very  wrong  impression.  My  name  is  on  two  of  the  Sub- 
committees, but  has  no  right  to  a  place  on  either,  althoagh  I 
gave  assent  to  the  request ;  for  I  was  informed  of  no  meeting  of 
the  Sub-committee  for  consultation,  and  joined  in  none,  and  gave 
my  signature  to  nothing  except  the  letters  which  I,  like  many 
others  not  of  the  Committees,  wrote  in  answer  to  questions.  In 
fact,  as  above  shown,  changes  after  the  January  meeting  were 
made  impossible  except  by  the  Reporter.  I  received  a  proof  of 
the  report  on  the  Lower  Paleozoic,  but  returned  it  without  any 
words  of  a|)pr()val  atid  only  a  few  on  the  Taconic  question.  Fur- 
ther, this  i^eport,  as  finally  published,  contains  what  was  not  in 
that  proof;  it  is  decidedly  the  report  of  the  Reporter,  who  had 
been  made  the  "  filial  judge  of  the  manner  in  which  communica- 
tions received  should  be  used,"  not  the  Committee's  report :  and 
the  same  is  true  in  some  other  cases.  The  views  of  Mr.  C.  D. 
Walcott  are  unfairly  presented  with  great  injustice  to  him, 
although  he  stands  as  an  associate  member  of  the  Sub-committee, 
responsible  as  much  as  the  rest  for  its  Report. 

Five  hundred  copies  of  the  Report  of  the  American  Commit- 
tee were  published.  It  is  now  in  the  hands  of  the  Secretary  of  the 
London  meeting  of  the  Congress,  awaiting  a  second  publication 
as  if  the  expression  of  the  views  of  the  majority  of  American  geol- 
ogists. Its  right  to  appear  in  the  volume  of  Proceedings  of 
the  Congress  for  1888  should  be  seriously  considered  if  it  is  not 
already  too  late.  j.  p.  d. 
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8.  On  the  Volcanic  Phenometia  of  the  Er^ifdion  of  Kntkatoa^ 
%nd  on  the  nature  and  distribution  of  the  Volcanic  yVci<fr<ci/jt  ,• 
>Y  J.  W.  JuDD,  F.R.S.,  Pres.  Geol.  Soc.  60  pp.  4lo,  with  i\ 
>lates.  From  the  Report  of  the  Royal  Society  CoinmiHHion.--'rhe 
^reat  eruption  of  Krakatoa,  its  resales,  and  the  character  of  its 
^jocted  matenals,  are  here  ably  discussed  by  Professor  J ii<id,  with 
Uufttrating  plates,  maps,  and  wood-cuts.  After  Hketchiii^  the 
earlier  history  of  the  volcano,  the  author  com(»s  to  the  precMirmir 
events  of  the  eruption  of  1883,  which  began  May  2()t)i,  and  \\wu 
;o  the  culmination  in  the  paroxysmal  eruption  of  Atii^uHt  '20th  and 
27tb.  Views  and  maps  show  the  changes  that  took  pliKH)  at  i\w. 
time  in  the  island  and  in  the  seas  about  it.  The  coiw  of  Krakatoa 
was  left  between  2,000  and  3,000  feet  high,  an<l  the  crater  more 
^han  1,000  feet  deep. 

Professor  Judd's  explanation  of  the  eruption  is  this :  that  tlw! 
iDterruption  of  the  regular  escape  of  vapors  an<l  ejcctiouM  that 
was  consequent  on  the  chilling  of  the  surface  of  the  li<juid  lava  by 
inrushes  of  sea-water  caused  a  check  and  then  a  rally  of  the  pc*nt- 
ap  force  of  gases  seeking  escape;  that  the  catastrophic  outburst 
was  a  direct  consequence  of  this  ^* check  and  rally"  of  tin;  sub- 
terranean forces. 

The  rocks  of  the  cone  and  the  ejected  materials  are  d<;H^:ribi'd 
in  detail,  and  illustrated  by  microscopic  sections.  The  rock  about 
the  crater  is  enstatite^lacite  or  enstatite-andesitc.  I'here  are  also 
black  porphyritic  pitchstones.  The  small  cone  of  liakata,  at  the 
base  of  Anikatoa,  consists  of  basaltic  lavas,  which  are  in  fiart 
chrysolitic.  The  formation  of  the  ejected  pumice  from  the  pitrh 
stone,  on  which  the  author  had  previously  thrown  much  liuht,  iii 
the  subject  of  further  remarks  and  explanations,  lie  s|#i;akH  of 
the  glass  as  being  in  a  state  of  strain,  as  is  proved  by  its  depolar- 
ising light,  and  this  is  mentioned  as  the  cauM-  of  its  extreme  brit- 
Lleness,  in  consequence  of  which  it  easily  cnimbleM  to  the  firM'iit 
dust.  The  rocks  are  shown  to  have  varied  much  in  liquidity, 
although  having  little  difference  in  mineral  'r^in^fitution  ;  and  thi^ 
is  attributed  to  the  amount  of  water  f.h^'V  contain.  VroU-^.^'n 
Fudd  further  observes  that  with  water  \fn-*i4itit.  and  lheM'for<r  a 
low  fusion  point,  there  is  !&••  nu^Xtf-M  of  devitrifi'-atjon  in  a  liq'Jid 
lava ;  whereas  without  water  and  a  ^r/^nw'quent.  t,\'j^\t  in*.\ou  p'^irit, 
srystallization  of  miDeral-  or  lapidifi^*ation  ia^  iilcelY  to  take  pla/>*; 
ID  the  mass  as  cooling  make^  prv^rr*^** ;  ar«d  i\»h*  fforn  lav»».  of  ^ht^ 
lame  constitution,  ander  the  or^  differer.^;^  '/f  4rr«ount  *A  wat^/ . 
rocks  of  venr  anlike  a*p<bct  nujaj  r^t^'Ax. 

4.  JUiero^copicai  Phynography  of  tfui  U^^J^ff^Akhig  Min*:f*tU 
vmd  aid  to  the  miero^eo^/d  iA»^dy  of  ff^.k*.  %•(  ii.  IV/^^yvnr  */.u 
liraosbtted  and  abridged  f'^r  •*•*:  \r,  v,r*^r/.*  a'.'l  'j,  J'//^*  tn  A'^'rrn 

P.  IddISOOu      3S3   pp.    h'^'tj  '■.•t   /*#    y,X*^p:   o:    '.:.  rr'i^'.',*fy/fXy.» 
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well  known  to  make  it  need  commendation  here,  and  the  English 
form  that  it  has  now  taken  is  all  the  more  serviceable  becaase  of 
the  wise  abridgment  which  it  has  received,  while  all  that  is  essen- 
tial has  been  retained.  The  translation  is  faithful  and  accurate  bnt 
sometimes  follows  the  German  idiom  more  closely  than  is  neces- 
sary. We  may  now  hope  to  have  instruction  in  this  subject  ex- 
tended among  a  much  larger  number  of  students  than  has  hitherto 
been  possible.  The  publishers  deserve  praise  for  the  good  ap- 
pearance which  the  volume  presents  and  especially  for  their 
enterprise  in  securing  copies  of  the  beautiful  plates  which  form 
so  important  a  part  of  the  German  work. 

6.  Phenacite  in  New  Englandy  by  Geo.  F.  Kunz.  (Commani- 
cated). — In  the  September  number  of  this  Journal,  page  222,  the 
finding  of  phenacite  and  topaz  near  Stoneham,  Me.,  is  annr>nnced; 
the  locality  should  have  been  on  Bald  Mountain,  North  Chathtm, 
N.  H.  Both  towns  are  on  the  Maine  and  New  Hampshire  state 
line,  hence  the  error,  now  corrected.  Another  pocket  has  been* 
found,  so  that  in  all  over  fifty  crystals  of  phenacite  and  topai 
have  been  procured. 

III.  Botany. 

1.  Color-granules  in  flowers  and  fruits, — With  the  improved 
optical  appliances  and  better  staining  agents  employed  in  recent 
years  the  coloiin2:  matters  of  plants  have  received  renewed  atten- 
tion. The  last  contribution  on  the  subject  is  a  paper  by  Cotrchet, 
[Ann.  So.  nat.  ser.  VII,  pp.  263-374,  pi.  6j  which  confirms 
certain  statements  made,  witli  some  hesitation,  in  a  review  pub- 
lished in  this  Journal  during  the  current  year.  Courchet's  work 
appears  to  have  been  conducted  in  a  careful  manner  under  the 
supervision  of  Flahault  at  Montpelier,  and  with  abundant  mate 
rial.  It  is  therefore  satisfactorv  to  note  that  it  strengthens  in  all 
essential  particulars  the  position  taken  by  Schimper,  to  which 
reference  will  soon  be  made.  In  view  of  the  imj)ortance  and  the 
general  interest  of  the  subject,  it  seems  proper  to  give  an  account 
of  the  additions  which  Courchet  has  made  to  our  knowledge,  and 
to  re-examine  briefly  the  whole  matter. 

The  earlier  investigators  made  out  clearly  that  the  coloring 
substances  in  leaves,  flowers  and  fruits  were  of  the  following 
kitids :  (1)  colored  cell-sap;  (2)  protoplasmic  bodies  or  color- 
granules,  containini^  ])igments  of  various  kinds;  (3)  crystals;  (4) 
pseudo-crvstalline  forms  and  amorphous  masses.  Attempts  wore 
made  hy' Unger  (1^46),  Mohl  (1851),  Trecid  (1858),  and  Wtia 
(1864),  to  determine  the  morphology  of  these  structures,  but  with 
comparatively  little  success.  Tr^cul  described  the  facts  with 
accuracy,  and  for  the  most  part  with  clearness,  but  he  gave  an 
undue  degree  of  prominence  to  his  theory  of  vesicular  formations, 
thus  diminishing  the  value  of  his  work.  Weiss  stated  that  the 
polor-granules  appeared  to  arise  in  two  ways,  (1)  by  free  for- 
fiirtf^t"-  from  the  general  mass  of  protoplasm,  and   (2)  by  the 
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modification  of  chlorophyll-granules.    In  18V2  Kraus  added  some 
obncrvations  regarding  ordinary  spindle-shaped  forms,  and  stated 
that  they  appeared   to  come  from   the  breaking  down  of  the 
protein  color-granules,  but  this  view  was  opposed  by  the  fact  that 
these  bodies  occur  even  in  some  very  young  parts.     MilUirdet 
(1876)  by  an  examinalion  of  the  coloring  matters  in  the  iruit  of 
the  tomato,  made  out  some  of  the  relations  existing  in  many  cases 
between  chlorophyll-grains  and  color-granules.     It  was  shown  by 
him  that  these  could  change  into*  one  another  under  certain  cir- 
cumstances, and  that  they  possibly  had  a  common  origin.     This 
link  was  partly  supplied  in   1880,  by  Schimper^  vf ho  announced 
the  discovery  in  certain  cells  containing  starch,  of  colorless  gran- 
ules, which  had  the  function  of  collecting  from  the  nutrient  cell- 
sap  the  materials  for  the  construction  of  starch  grains.     These 
bodies  were  termed  by  him  starch-formers.     After  pointing  out 
their  occurrence   and   indicating   the   precautions  necessary   ior 
their  detection,  he  hints  that  they  have  close  relations  to  the  other 
living  proteid  granules  in  the  vegetable  cell.     Soon   after  this, 
several  investigators  took  the  subject  up,  notably  Meyer^  while 
Schimper  himself  made  a  most  important  advance.     This  step 
consisted  in  coordinating  all  the  granular  living  proteid  granules, 
holding  that  color-granules  and  chlorophyll-granules  are  derived 
from   the  colorless  granules  found   in   the  cells  at  the  growing 
points  of  plants.     For  these  bodies  the  common  appellation  of 
plastids  or  plasts  was  proposed,   with    the  distinctive  prefixes, 
leuco-,  chloro-,  and  chromo-.     About  this  time,  or  a  little  before. 
Van  Tieghem  suggested  the  term  leucites  for  the  same  thing. 
Although  Schimper's  terms  have  been  generally  adopted,  Courchet 

? (refers  Van  Tieghem's.  Schimper  teaches  that  these  plasts  arise 
rom  pre-existing  plasts,  and  that  they  assume  the  special  form 
of  leucoptasts,  chloroplasts,  or  cbromoplasts,  according  to  the 
ofiice  of  the  part  and  the  conditions  under  which  they  are  devel- 
oped. The  morphological  interest  attaching  to  the  organs  of  a 
plant  is  greatly  heightened,  when  it  is  seen  that  in  the  cells 
themselves  which  constitute  them,  there  are  adaptations  not 
nierely  in  form  but  in  the  granular  differentiations  of  the  living 
matter.  Just  as  a  foliar  expansion  can  be  turned  to  account  by 
the  plant  iu  many  different  ways,  as  a  foliage-leaf,  as  a  tendril,  as 
a  fly-trap,  as  a  thorn,  or  as  a  pitcher,  so  can  these  simple  proteid 

franules  undergo  modifications  adapting  them  to  the  most  diverse 
iuds  of  work.  From  the  point  of  view  of  evolution  the  subject 
is  of  great  importance,  clearing  up  some  serions  difUculties  in  the 
way  of  explaming  the  adajitation  of  colors  in  flowers  and  fruits 
to  the  visits  of  insects  and  of  birds.  The  diversifii'd  shapes  of 
foliar  and  floral  organs  have  been  rather  easier  to  understand 
than  the  marvellous  range  of  useful  colors  in  these  parts  of  the 
plant,  but  it  is  now  apparent  that  all  of  them  may  arise  from  the 
very  simplest  starting  point  common  to  all. 

In  all  important  features,  Courchet  confirms  Schimper^s  views, 
and  they  nay  be  considered  as  in  the  main  firmly  cHtablished. 
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The  matter  is  one  of  those,  which,  like  the  continaity  of  proto- 
plasm throughout  the  plant,  commands  from  its  coGrdinttiB^ 
power  general  acceptance,  and  should  therefore  be  most  carefalW 
examined  and  reexamined  to  ensure  complete  accaracy  of  detaik 

Courchet's  special  results  may  be  briefly  stated  as  follows:— 
Chromoplasts  are  always  formed  at  the  expense  of  cbloroplasts  or 
leucoplasts  and  can  give  rise  at  their  periphery  to  crysttis  or 
crystalloids.  The  pigment  is  produced  in  many  ways,  and  ai* 
sumes  very  diverse  characters.  'The  form  of  tbe  pigment  masNi 
is  not  related  to  the  color,  but  depends  upon  its  chemical  consii- 
tntion  and  the  matters  with  which  they  are  combined.  Bloe, 
violet  and  rose  tints  are  generally  due  to  colored  ceI1-sa|i, 
although  blue  pigments  are  sometimes  in  the  form  of  crystals  or 
granules  which  have  no  relation  to  the  plastids.  The  orange  tinU 
are  chiefly  due  to  crystals,  or  solid  masses,  and  the  same  is  tme  of 
most  of  the  yellow  tints.  Chromoplasts  always  have  a  protein 
stroma  combined  with  the  pigment,  which  latter  may  be  in  such 
fine  particles  as  to  give  an  homogeneous  appearance  to  the  whole. 
The  pigment  may  crystallize  out  of  the  granule,  and  present  an 
appearance  as  if  it  is  quite  independent  of  it,  and  it  may  assnme 
the  most  diversitied  shapes.  Ihe  pigment  may,  ander  certain 
conditions,  behave  exactly  like  coloring  matters  found  in  other 
parts  of  the  plant,  but  whether  these  matters  are  produced  from 
the  green  pigment  of  the  cbloroplasts  or  from  derivatives  bniit 
up  in  those  granules  it  is,  as  yet,  impossible  to  determine.  It  h 
easy,  however,  to  distinguish  two  types  of  coloring  matters  in 
the  plastids:  (1)  yellow,  always  amorphous,  much  more  soluble  in 
alcohol  than  in  chloroform  and  etlier,  turning  blue  with  concen- 
trated sulphuric  acid,  taking  on  an  intermediate  green  tinge;  (2) 
orange,  more  soluble  in  ether  and  chloroform  than  in  alcohol, 
turning  blue  with  concentrated  sulphuric  acid,  taking  on  first  a 
violet-red  or  violet  tinge. 

Coloring  matters  in  cell-sap  do  not  as  a  rule  turn  blue  under 
the  action  of  concentrated  sulphuric  acid.  g.  l.  g. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  Note  on  the  work  of  the  American  Edifise  Expedition  to 
Ja2)a?i,  1887;  by  David  P.  Todd,  Astronomer  in  charge. — In 
my  ])reliminary  report  it  was  stated  that  the  voluntetT  observers, 
working  utider  instructions  prepared  by  me  and  printed  and 
distributed  throup^h  the  cooperation  of  the  Japanese  governnit»?it, 
had  been  moderately  successful.  Just  how  successful,  it  was  not 
possible  to  ascertain  before  leaving  Japan.  But  within  a  few 
weeks,  I  have  received  through  our  Department  of  State,  a  large 
MS.  volume  of  about  seventy  drawings  of  the  corona.  These  are 
now  in  process  of  discussion  on  a  novel  system,  and  are  likely  to 
make  a  trusty  contribution  to  optical  coronagraphy. 

Also,  through  the  same  channel,  came  a  valuable  series  of 
observations  of  the  simple  duration  of  total  eclipse,  at  points  jost 
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aside  the  limits  of  the  shadow-path.  Of  these  there  are  about 
•De  hundred  independent  determinations.  When  the  geographic 
positions  of  the  observers  have  been  accurately  determined,  and 
be  observations  folly  reduced,  accurate  corrections  to  the  lunar 
rbit-elements  will  result,  for  the  epoch  in  question.  The  work 
•f  the  main  party  in  my  charge,  at  Shirakawa,  concludes  rather 
388  favorably  than  I  hacT  expected,  clouds  having  interfered  to 
ach  an  extent  that  less  than  half  of  the  pictures  taken  with  the 
boto-heliograph  are  measurable. 

The  foregoing  results  of  the  volunteer  work  comprise  thus  the 
lost  important  astronomical  contribution  of  the  Japan  Ezpedi- 
ion ;  and  are  so  encouraging  that,  under  the  auspices  of  the 
(ache  trustees,  I  have  taken  steps  necessary  to  secure  like  obser- 
ations  in  our  western  states  and  British  America  during  the 
olipse  of  the  1st  of  January  next. 

But  the  total  outcome  of  the  Japan  Expedition  fortunately 
omprises  important  work  besides  astronomy.  Dr.  Holland,  who 
t  his  own  charges  accompanied  the  expedition  as  naturalist,  has 
numerated  the  bulk  of  his  collections,  botanical  and  entomo- 
>gical,  in  the  preliminary  report.  Under  his  direction,  the  final 
iscussion  of  this  valuable  material  is  rapidly  progressing.  On 
be  present  plan,  four  papers  will  result :  (a)  list  of  the  phsenoga- 
lous  plants  collected  by  the  Expedition  ;  {h)  list  of  Voleoptera 
ollected  by  the  Expedition,  together  with  descriptions  of  some 
pparently  new  species  (with  the  colaboration  of  Mr.  C.  O. 
Yalerhouse  of  the  British  Museum)  ;  (c)  list  of  the  Macro- 
ipidoptera  collected  by  the  Expedition,  together  with  descrip- 
ions  of  new  species  and  notes  upon  their  habits;  (d)  a  mono- 
raph  of  the  deltoid  and  pyralid  moths  of  Japan. 

Of  these  the  most  significant  is  the  last,  in  which  Dr.  Holland 
rill  include  a  full  discussion  of  the  unique  and  extensive  collec- 
ions  of  the  late  Mr.  Pryer  of  Yokohama,  the  result  of  his  labors 
uring  a  long  series  of  years.  Some  months  are  necessary  to 
omplete  this  monograph. 

2.  National  Academy  of  Sciences. — The  following  papers  were 
ntered  to  be  read  at  the  November  Meeting,  1888,  in  New 
laven. 

B.  S.  HOLDEN  :  The  Lunar  Eclipse,  July  22,  1888. 

Lewis  Boss:  The  Zone  Undenaking  of  the  Astronomische  Gesellschaft. 

Rlias  Loomis:  The  Rain-fall  of  the  North  Atlantic  Ocean. 

W.  H.  Breweh:  A  finished  Breed  of  Horses. 

WoLCOTT  GiBBSand  Hobabt  Emory  IIabe:  A  Systematic  Study  of  the  action 
[  definitely  related  Chemical  Compounds  upon  Animals. 

J.  S.  Newberry  :  The  Cretaceous  Flora  of  North  America ;  On  the  Zoological 
lelations  of  some  Paleozoic  Fishes. 

Henry  F.  Osborn:  The  Evolution  of  the  Mammalian  Molar  Teeth  to  and  from 
16  Tri  tubercular  Type. 

L.  A.  Leb:  Some  scientific  results  of  the  Albatross  Expedition  from  Washing- 
m  to  San  Francisco. 

A.  A.  Miohelson  and  E.  W.  Morley  :  Some  measurements  of  relative  Waye- 
rng^hs. 

B.  S.  Dana  :  A  new  mineral  fVom  Maine. 
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C.  H.  F.  Pbtebs  :  Remarks  on  the  expression  of  the  Law  of  AUraction  is  tbi 
Stellar  Systems. 

A.  Hall  :  Note  on  the  Satellite  orNeptune. 
6.  K.  Gilbert:  The  Prohlem  of  Soaring;  Birds. 
J.  W.  I'OWELL:  The  Laws  of  Corrasion. 

3.  Note  to  Article  VII I,,  in  this  volume^  by  the  -4u(Aor.— li 
mcntiotiitig  the  dredging  at  Sandwich,  in  the  July  n amber  of 
this  Journal  (p.  56),  I  did  not  expect  to  give  the  sabject  fartber 
attention.  I  have  since  hecome  satis6ed,  after  visits  to  the  place 
named  and  extended  inquiry,  that  no  Tertiary  beds  have  beeo 
opened  there.  The  supposed  *^6nd*'  has  proved  a  disappoint- 
ment. Thnre  is  too  liitle  information  ahout  it  available  to  justify 
attaching  any  importance  to  it.  The  borings  made  along  the 
line  of  the  proposid  canal  give  no  reason  to  expect  that  fossilifer- 
ous  deposits  will   be  touched  hereafter  in  the  progress  of  the 

work.  W.  W.  DOD6K. 

4.  Tuckennan  Memorial  Library, — The  large  col  lection  of  books 
and  pap«»rs  relating  to  Lichens,  made  by  the  late  Prof.  Edward 
Tuckennan,  has  been  p?es(*nttd  by  Mrs.  Tuckerman,  in  accord- 
ance with  his  own  wish,  to  Amherst  College  Library.  It  is  de- 
sired to  make  this  "Tuckerman  Memoriul  Library"  as  complete 
as  possible  and  the  librari:i?i,  Mr.  William  L  Fletcher,  invita 
contributions  in  money  or  in  material  to  this  end.  The  moDej 
contributed  will  be  kept  as  a  fund  of  which  only  the  income 
will  be  employed  in  making  additions  to  the  collection,  or  io 
making  repairs  to  the  binding.  The  sum  of  $1000  would  proba- 
bly suttiee  as  such  a  fund. 

A  Manual  of  the  Vertehrate  Animals  of  the  Norlhcrn  United  States,  by  David 
Starr  Jordan,  President  of  the  University  of  Indiana,  5ih  edit.,  entirely  rewritten 
and  much  enlarged.  :^7<>  pp.,  12n30,  Chicairo.  1888.  (A.  McChirg:  A  Co.)  lu  this 
new  edition  of  tlio  Manual  all  marine  species  are  included;  the  geojfrapbial 
limits  have  been  extenled  st)  as  to  include  Oanuda.  Minnesota.  Iowa  and  Missv>uh; 
and  tiie  arrangement  his  been  changed,  and  other  imp  ovemeuts  iiitrodu\-ed. 

(\'ilalojj:ue  of  Fossil  Rep'ilia  and  Amphibia  of  the  British  Museum.  Part  I, 
contaming  the  Orders  Ornitliosauria.  Crocodiiia.  Dinosauria,  Squamata,  Rhrncho- 
cephalia  and  Proterosauria,  by  Richard  Lyddeker,  B.A.,  F.G.S.,  eic.  310  pp.  8va 
London.  1 888. 

Ciiainnati  Observaiorv.  Zone  CiUlnguo  of  4050  stars  for  the  epoch  of  18:^5. 
by  J.  G.  [*orier.  asironoiner      ('incinnaii,  1887. 

Old  and  Xew  Astronomy,  by  R.  A.  Pn;ctor.  (Longmans,  Green  t  (.Jo.,  Loadon 
and  New  Y"rk.) 

TransiHMions  of  the  American  Pliilo«opi<*al  Society,  Vol.  XVI.  Part  II.  contaius 
paper.s  by  K  D.  Oope  on  the  intercentrum  of  terresinal  vertebrata.  .systematic 
catal'gne  of  ihe  Permian  vertebr  ta  (»f  N.  America.  Synopsis  of  the  Vertebrate 
Fauna  of  tlio  i'ueico  scrifs.  th*  '^boulder,  girdle  and  extremities  of  Eryops,  and  by 
H,  C.  heS.  .Vbbot.  on  a  chemiwil  study  of  Yucca  ariiju-Mjolia. 

Centennial  volume  of  the  Memoirs  of  the  American  Academy  of  Arts  and 
Sciences,  Vol.  XI.  Part  VF.  No.  vii.  2»»()  pp.  4to.  Occupied  with  a  Memoir  of 
Daniel  freadwell  bv  Morrill  W\ra:tn,  M.O. 

Die  Ge(jidefoimationen  der  Kiszeit  von  Krich  von  Drygalski,  Dr.  PhiL  (Ges.  d. 
Erdk.  Berlin,  xxii,  .^,  4.)  Berlin,  1887. 

Annotated  Catalogue  of  the  species  of  Porites  and  Synaraea  in  the  U.  S. 
Natioi  al  Museum,  with  fignres,  and  a  description  of  a  new  species,  hy  Richard 
Rathbuu,  Pr^x?.  U.  S.  Nat.  Mus.,  1887. 
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5.  Communication  on  t/te  American  Report  of  the  Intemational 
(Congress  of  Geologists,  by  J.  W.  Powell,  Director  of  the  U.  S. 
Geological  Survey ;  addressed  to  the  Editor  of  this  Journal  under 
date  of  Washington,  D.  C,  Nov.  23, 1888.* — The  American  report 
presented  to  the  Intemational  Congress  of  Geologists  at  the 
meeting  in  London  commencing  September  17,  1888,  has  been 
received,  and  I  find  that  my  name  is  attached  to  it  in  several 
places  in  such  a  manner  that  I  am  made  to  appear  as  one  of  the 
parties  responsible  for  its  preparation  and  agreeing  to  it.  This  is 
an  unfair  and  improper  use  of  my  name.  I  was  for  much  of  the 
time  a  member  of  the  committee,  but  when  it  became  manifest 
that  some  of  its  members  were  determined  to  submit  a  report  in 
general  character  similar  to  the  one  finally  submitted,  I  resigned 
from  the  committee,  preferring  so  to  do  rather  than  prepare  a 
dissenting  report.  Without  entering  into  detail,  lest  this  com- 
munication  be  made  very  long,  I  beg  to  present  my  general  rea- 
sons for  not  wishing  to  be  considered  as  in  any  way  subscribing 
to  the  report. 

The  subject  matter  of  the  report  is  not  of  such  a  nature  that  a 
deliberative  body  can  properly  determine  it  by  vote.  Facts  of 
obseryation,  and  generalizations  therefrom,  are  proper  subjects 
for  discussion,  but  they  should  not  be  submitted  to  decision  by 
vote.     In  my  judgment  this  principle  is  fundamental. 

At  some  of  the  meetings  1  was  represented  by  a  delegate  ;  and 
at  some  of  the  meetings  1  was  present.  Through  my  representa- 
tive and  personally  myself,  I  endeavored  to  induce  the  committee 
to  consider  questions  of  geologic  technics,  such  as  a  color  scheme 
and  a  fundamental  taxonomic  time  scheme  necessary  to  the  use  of 
a  color  scheme ;  and  I  endeavored  to  have  principles  of  geologic 
nomenclature  formulated,  etc.  I  protested,  in  season,  and 
perhaps  out  of  season,  against  pursuing  such  a  course  as  to  make 
the  committee  a  debating  club  on  geologic  theories  and  on  the 
verity  of  geologic  discoveries. 

The  assembling  of  a  large  number  of  geologists  from  various 
portions  of  the  world,  all  more  or  less  engaged  in  active  research, 
famishes  a  valuable  opportunity  for  the  presentation  of  papers, 
for  the  interchange  of  opinions,  and  for  the  enlargement  of  the 
scientific  horizon  of  the  several  members.  The  questions  that 
arise  in  this  manner  are  to  be  decided  ultimately  only  by  the  light 
of  science,  and  no  weight  should  be  given  to  any  man's  statement 
or  generalization  other  than  that  inherent  in  the  facts  themselves. 
For  a  deliberative  body  to  determine  or  settle  any  such  question, 
or  in  any  way  to  make  authoritative  annunciation  of  facts  and 
principles,  is  at  variance  with  sound  scientific  procedure  and 
wholly  vicious. 

On  the  other  hand,  geologic  language  is  conventional,  as  all 
language  is  conventional,  and  all  geologic  conventions,  whether 

*  Received  too  late  for  earlier  insertion. — Eds. 
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they  are  in  words,  in  colors,  or  in  graphic  formB,  can  be  estab- 
lished by  agreement  with  propriety,  and  perhaps  with  advantige 
to  the  science. 

There  is  no  body  of  men  so  wise  or  so  powerful  that  it  do 
establish  the  science  of  geology  by  authority,  and  it  ia  pretenUou 
and  unseemly  to  make  the  attempt ;  and  to  authoritativelj  an- 
nounce a  fact  or  generalization  in  science  and  ask  its  accepianee 
is  an  absurdity.  Any  number  or  body  of  geologists  may  prop- 
erly agree  to  use  a  common  system  of  representation,  and  may 
properly  recommend  others  to  use  the  same. 

In  view  of  these  considerations,  I  urged  upon  the  committee 
questions  of  conventions,  as  I  greatly  desired  that  the  American 
committee  should  formulate  American  opinions  upon  these  sub- 
jects. 

The  papers  which  appear  in  the  report  were  not  presented  to 
the  committee  in  a  finisned  form,  while  I  was  present,  bat  most 
of  them  merely  in  abstract,  and  the  reporters  finally  published 
what  they  severally  desired.  I  believe  that  the  one  prepared  by 
Professor  Williams  on  the  Devonian  formations  of  North  America, 
is  in  form  and  substance  of  such  a  nature  as  to  elucidate  some  of 
the  principles  which  should  guide  in  the  preparation  of  geoli^e 
conventions.  The  paper  which  I  prepared  was  brief,  but  was,  I 
thought,  pertinent  to  the  subject  in  hand;  bat  evident! v  it  did 
not  meet  with  the  approval  of  the  committee,  for  other  reporters 
included  the  consideration  of  the  Quaternary  formations  in  their 
papers,  that  is,  the  members  of  the  committee  were  determined 
that  the  Quaternary  formations  should  be  discussed  in  such  a 
manner  as  to  exhibit  a  supposed  best  classification,  or  at  least 
such  a  one  as  they  would  recommend,  all  of  which  required  a 
review  of  the  general  subject  of  the  Quaternary  formations  of  the 
country,  and  the  more  or  leas  final  settlement  of  many  prohlems 
yet  under  discussion.  Seeing  that  the  report  prepared  by  myself 
was,  like  that  of  Professor  Williams,  upon  a  general  theory  of 
precedure  different  from  that  held  by  most  of  the  persons  who 
were  present  at  the  meetings  of  the  committee,  I  withdrew  it  at 
the  time  I  resigned  from  the  committee,  and  another  member  was 
appointed  who  prepared  a  paper  more  in  harmony  with  the 
general  views. 

With  regard  to  the  papers  which  were  actually  published,  that 
of  Professor  Williams  is  in  harmony  with  my  conclusions,  and,  1 
believe,  germane  to  the  purpose  for  which  the  committee  was 
organized.  The  other  papers  are  not  germane  to  the  proper 
function  of  the  committee  as  understood  by  myself.  To  many  of 
the  opinions  expressed  I  can  agree,  to  many  others  I  cannot,  bnt 
to  none  of  the  papers  is  it  proper  that  I  should  sign  my  name, 
because  I  am  not  the  author  of  any  one  or  part  of  one. 

It  will  be  noticed  on  examining  the  papers  that  a  number  of 
taxonomic  schemes  are  presented.  None  of  them  are  such  as  I 
would  use,  were  I  engaged  in  making  a  survey  on  the  ground ; 
and,  f  uthermore,  none  of  them  are  used  by  members  of  the  United 
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States  Geological  Survey.  It  is,  therefore,  manifestly  absurd 
that  my  name  should  be  employed  iu  their  support,  and  that  I 
should  thus  be  made  virtually  to  condemn  the  work  of  all  of  my 
assistants  actually  engaged  in  works  of  survey  throughout  the 
United  States. 

Long  experience  and  careful  consideration  of  this  subject  have 
led  me  to  the  conclusion  that  no  detailed  taxonomic  scheme  can 
be  adopted  for  the  entire  country ;  but  that  there  are  many 
geologic  provinces,  and  that  in  each  one  a  distinct  taxonomic 
scheme  is  necessary  in  order  properly  to  present  the  facts  ex- 
hibited in  nature.  On  the  other  hand,  I  believe  that  a  general 
time  scale  can  be  adopted  to  which  the  taxonomic  schemes  of  the 
several  geologic  provin(5e8  can  be  referred  with  greater  or  less 
certainty.  The  general  classification  of  the  formations  of  each 
geologic  province  must  be  constructed  and  reconstructed  with 
the  course  of  investigation,  and  it  should  not  be  hatnpered  with 
preconceived  classifications;  but  geologists  may  well  be  fur- 
nished with  a  purely  artificial  or  conventional  time  scheme  to  be 
used  in  the  progress  of  their  work. 

A  system  of  geologic  conventions  in  common  usage  through- 
out the  world  seems  to  be  desirable  for  tw(»  potent  reasons :  first, 
geologists  will  be  able  thus  to  understand  one  another's  work 
with  a  great  saving  of  labor  and  time ;  and  second,  a  common 
language  of  geology  will  make  the  science  available  to  a  much 
larger  number  of  people,  and  its  beauties  and  truths  may  soon 
become  the  common  property  of  all  educated  pepple.  But  how 
shall  a  universal  system  of  conventions  be  established  ?  If  by 
direct  agreement  through  a  congress  of  the  world's  active 
workers  in  geology,  it  may  be  a  compromise  and  may  not  be  the 
very  best.  On  the  other  hand,  any  good  universal  system  is 
better  than  the  multiform  systems  now  in  use.  To  be  estab- 
lished as  a  general  system,  it  must  meet  with  very  general  if  not 
universal  acceptance,  and  no  system  should  be  promulgated 
which  has  a  large  number  of  opponents,  lest  it  add  to  the  con- 
fusion. 

There  is  another  method  by  which  a  general  system  may  be 
secured.  Geologists  may  go  on  devising,  amending,  and  improv- 
ing their  systems  severally,  each  new  worker  adopting  such  a 
system  as  he  may  think  best ;  until  at  last,  by  a  course  of  intelli- 
gent selection,  a  common  system  is  evolved.  A  system  evolved 
m  this  manner  can  be  reached  only  in  the  distant  future,  and  in 
the  meantime  the  disadvantages  of  diverse  systems  will  retard 
investigation  and  keep  the  science  more  or  less  buried  from  the 
general  public  under  a  cloud  of  conventions.  .  Whether  a  system 
shall  be  formulated  by  enactment  or  evolved  by  practice  is  a 
question  worthy  of  consideration.  The  legislative  method  may 
be  tried,  and  if  it  fails  the  judicial  method  remains. 

The  following  is  the  abstract  of  my  report  to  the  committee. — 
The  full  report  was  never  completed. 
The  Quaternary  or  Pleistocene  period  is  represented  by  all  those 
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rockn  which  have  been  formed  since  the  begiDDing  of  the  glacial 
epoch.  As  thus  defined  they  will  probably  inclade  some  rocks 
which  have  been  called  Pliocene. 

The  theory  of  the  fundamental  or  principal  classification  of 
these  rocks  which  has  actually  obtained  in  the  world  differs  ma- 
terially from  that  of  the  classification  of  all  other  clastic  forma- 
tions ;  as  they  are  primarly  classed  by  agencies  and  conditions 
of  genesis. 

Progress  has  been  made  in  classifying  the  glacial  deposits 
chronologically,  and  in  classifying  some  of  the  lacustrine  and 
marine  pleistocene  deposits  chronologically  by  correlating  them 
with  the  glacial  epochs,  or  by  a  study  of  their  fossils ;  but  it  is 
worthy  of  emphasis  that  the  fundamental  classification  of  all  the 
rocks  of  this  period  is  one  based  on  genesis. 

The  series  of  geological  events  that  constitute  the  history  of 
the  glacial  epoch  in  North  America  are  exceedingly  varied  and 
interesting.  The  great  ice  sheet  that  advanced  from  polar  re- 
gions into  middle  latitudes,  and  then  retreated  and  again  ad- 
vanced and  retreated,  was  a  dominant  geological  agency,  and 
about  its  history  all  other  phenomena  are  grouped.  These  phe- 
nomena are  found  in  the  records  of  a  great  number  of  lakes,  man? 
of  which  have  disappeared,  and  in  marine  deposits  which  mark 
the  sites  of  old  shores  and  which  are  intimately  related  to  the 
glacial  deposits.  In  the  Mississippi  Valley  the  deposits  of  loess 
extend  nearly  to  the  Gulf  of  Mexico,  and  these  formations  are 
probably  in  part  of  glacial  origin,  and  they  have  many  intimate 
relations  with  the  deposits  wholly  glacial.  The  deformations  of 
the  surface  by  diastro|)hic  agencies  through  the  glacial  |>eriod 
are  many  and  profound,  and  their  history  is  recorded  in  a  variety 
of  base-level  formations.  When  these  facts  are  all  recorded  a  his- 
tory of  the  glacial  period  can  bo  constructed  which  will  be  of 
profound  importance  as  an  integral  chapter  in  the  history  of  the 
earth,  the  principles  of  which  will  be  extended  to  all  the  chapters 
of  the  volume.  In  northern  latitudes  glacial  phenomena  prevail. 
In  southern  latitudes  many  other  phenomena  can  be  correlated  in 
time  with  glacial  facts,  because  glacial  action  was  projected  far 
southward  along  mountain  ranges  and  about  isolated  mountaioss 
and  because  the  <rlacial  sediments  of  the  Atlantic  coast  extent! 
far  southward  and  their  histories  are  interwoven  with  the  history 
of  the  sediments  derived  from  more  southern  rivers  and  shores; 
and  finally,  because  glacier-prepared  sediment  was  carried  into 
the  valley  of  the  Mississippi  and  spread  far  toward  the  Gulf. 

The  classes  usually  recognized  in  practice  by  geologists  of  this 
country  are  as  follows  : 

1.  Formations  of  fluviatile  origin,  otherwise  called  "flood-plain 
deposits,"  or  alluvial  deposits. 

2.  Formations  of  lacustrine  origin,  or  lake  deposits. 

3.  Formations  of  oceanic  origin,  or  marine  deposits  along  shore. 

4.  Formations  duo  to  the  agency  of  torrents,  a  large  part  of 
which  have  been  called  alluvial  fans  or  alluvial  cones. 
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5.  Formations  of  eolian  origin,  as  sand-dunes. 

6.  Formations  in  swamps  and  marshes,  as  peat-bogs. 

7.  Formations  in  deltas,  which  are  in  part  fluviatile  and  in 
part  marine  or  lacustrine. 

8.  Formations  of  glacial  origin. 

9.  Formations  usually  designated  as  Loess,  which  by  some 
have  been  considered  eolian  ;  but  later  investigations  seem  to  show 
that  Loess  is  formed  in  part,  at  least,  of  glacier-ground  rock- 
flour  deposited  in  quiet  waters. 

10.  Formations  caUed  soils  and  sub-soils,  which  cover  the 
greater  part  of  the  surface  of  the  land. 

The  Quaternary  formations  have  proved  to  be  of  prime  impor- 
tance, because  the  principles  of  geology  derived  from  their  in- 
vestigation constitute  a  large  body  of  the  doctrines  applied  in 
the  study  of  the  older  formations.  The  rocks  are  also  of  great 
interest,  and  have  been  and  will  be  studied  in  great  detail,  be- 
cause of  their  industrial  importance,  and  because,  being  at  the 
surface,  they  are  open  to  view,  and  ever  present  questions  of  in- 
terest even  to  the  passing  observer. 

These  formations  represent  a  period  or  constitute  a  system  in 
the  proper  sense  of  that  term ;  and  the  period  is  distinguished 
from  all  others  because  the  formations  are  classified  on  a  distinct 
basis,  because  they  overlie  all  other  formations  and  cover  the  en- 
tire extent  of  lands,  and  because  the  general  principles  of  geol- 
ogy are  mainly  derived  from  their  study. 

All  of  the  great  genetic  classes  which  have  been  mentioned, 
except,  perhaps,  theXoess,  have  been  divided  into  subordinate 
parts,  for  eacn  one  of  which  some  conventional  sign  is  necessary 
ID  the  preparation  of  Quaternary  charts.  It  will  thus  be  seen  that 
a  special  system  is  necessary  for  their  representation. 

Yet  another  fact  must  be  considered  in  this  connection.  The 
Quaternary  formations  cover,  to  a  greater  or  less  extent,  all  other 
formations  ;  and  the  chart  designed  to  represent  the  distribution 
of  older  formations  cannot  be  used  to  represent  the  Quaternary 
formations  without  imposing  one  system  of  conventional  symbols 
upon  another.  The  attempts  to  do  this  have  not  been  generally 
successful,  and  it  has  been  and  will  be  found  that  special  Quater- 
nary maps  are  necessary,  and  a  system  of  cartographic  conven- 
tions must  be  devised  for  this  purpose  also. 

The  conclusions  reached  in  the  foregoing  statements  are  as 
follows : 

1.  The  Quaternary  or  Pleistocene  formations  represent  a  dis- 
tinct period  or  system. 

2.  The  Quaternary  period  should  be  defined  as  beginning  with 
the  glacial  epoch. 

3.  The  Quaternary  formations  are  fundamentally  classified  by 
agency  and  condition  of  origin. 

4.  A  cartographic  scheme  is  necessary  for  the  representation 
of  Quaternary  formations. 
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Art.  L. — A  New  Family  of  Homed  Dmoaav/nayfrom  the 
Cretaceous ;  hj  O.  C.  Marsh.     (With  Plate  XL) 

DuRD^G  the  past  season,  a  special  effort  has  been  made  by 
one  field-party  of  the  U.  S.  Geological  Survey,  to  explore  the 
Laramie  formation,  more  particularly  in  Dakota  and  Montana. 
In  this  work,  important  collections  of  vertebrate  fossils  have 
been  secured,  and  among  them  are  remains  of  some  new 
Dinosaurs  of  much  interest,  one  of  which  is  briefly  described 
below. 

CercUopa  monianus^  gen.  et  sp.  nov. 

The  present  genus  appears  to  be  nearly  allied  to  Steffosaurus 
of  the  Jurassic,  but  diners  especially  in  having  had  a  pair  of 
large  horns  on  the  upper  part  of  the  head.  These  were  sup- 
ported ^  massive  horn-cores  firmly  coossified  with  the  occipital 
crest  The  latter  are  probably  attached  to  the  parietal  bones, 
but,  as  the  sutures  in  this  region  are  obliteratea,  they  may  be 
supported  in  part  by  the  squamosals. 

The  horn-cores  in  the  type  specimen  are  sub-triangular  at 
base,  but  nearly  round  in  section  in  the  upper  half.  Their 
position  is  represented  approximately  in  tne  figures  of  the 
accompanying  plate.  These  horn-cores  are  slightly  hollowed 
at  the  base,  but  are  otherwise  solid.  The  exterior  texture 
and  markings  show  that  they  were  evidently  covered  with  true 
horns,  and  these  must  have  formed  large  and  powerful  oflEen- 
sive  weapons. 

In  position  and  direction,  these  horn-cores  are  somewhat 
similar  to  the  large  posterior  pair  of  protuberances  in 
Meiolania^  one  of  the  extinct  Teetudinata^  and  to  the 
corresponding  ones  of  the  existing  Phrynosoma.  The  only 
known  example  of  similar  structure  in  the  Dinoeauria  is  the 
single  median  horn-core  on  the  nasals  of  Ceratoaaurus^  from 
the  Jurassic.  It  is  not  improbable  that  there  were  other 
hom-cpres  on  the  skull  in  the  present  genus,  but,  of  this,  there 
is  at  present  no  positive  evidence.  A  detached  median  promi- 
nence resembling  a  horn-core  was  found  with  some  similar 
remains,  but  may  pertain  to  an  allied  genus. 
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The  resemblance  in  form  and  position  of  the  posterior  horn- 
cores  to  those  of  some  of  the  ungulate  mammab  is  very  strik- 
ing, and,  if  detached,  they  would  naturally  be  referred  to  that 
group. 

The  basioccipital  found  in  place  with  these  horn-cores,  and 
represented  in  plate  XI  (figures  1  and  2,  J),  is  much  elongated, 
and  formed  the  entire  occipital  condyle.  Its  exact  position 
with  reference  to  the  homcores  could  not  be  determined. 

Teeth,  vertebrce,  and  limb  bones  which  probably  belong  to 
the  present  genus  were  all  secured  in  the  same  horizon,  ftey 
indicate  a  close  aflSnity  with  SteffosatcruSj  which  was  probably 
the  Jurassic  ancestor  of  Ceratops, 

Among  other  remains  referred  to  the  present  reptile,  but 
not  found  with  the  type  specimen,  are  some  peculiar,  laige 
dermal  plates,  in  pairs,  that  indicate  a  well-ossified  armor. 
These  plates  show  indications  of  being  covered,  in  part  at  least, 
with  scutes,  as  in  turtles.  Their  position  cannot  at  present  be 
determined. 

The  type  specimen  on  which  the  present  genus  and  spedefl 
are  based  was  found  in  place,  in  the  La^^mie  deposits  of  the 
Cretaceous,  in  Montana,  by  Mr.  J.  B.  Hatcher,  of  the  U.  S. 
Geological  Survey.  Other  specimens  apparently  pertaining 
to  the  same  species  were  secured  in  the  same  horizon  of  the 
same  region. 

Kemains  of  the  same  reptile,  or  one  nearly  allied,  had  pre- 
viously been  found  in  Colorado,  in  deposits  of  about  the  same 
age,  by  Mr.  G.  H.  Eldridge,  also  of  the  U.  S.  Geological  Survey. 

The  associated  fossils  found  with  the  present  specimens  are 
remains  of  other  Dinosaurs,  crocodiles,  turtles,  and  fishes, 
mostly  of  Cretaceous  types.  The  mollusks  in  the  same  beds 
indicate  fresh  water  deposits. 

The  fossils  here  described  indicate  a  reptile  of  large  size, 
twenty-five  or  thirty  feet  in  length,  and  of  massive  propor- 
tions. With  its  homed  head  and  peculiar  dermal  armor,  it 
must  have  presented  in  life  a  very  strange  appearance. 

The  remains  at  present  referred  to  this  genus,  while  resem- 
bling jStrtjosfnirus  in  various  important  characters,  appear,  to 
represent  a  distinct  and  highly  specialized  family,  that  may 
be  called  the  CeratopfiidiB.  They  will  be  described  more  fully 
in  a  later  number  of  this  Journal. 

Yalo  College,  Now  Haven,  Conn.,  November  23,  1888. 

Explanation  of  Plate  XI. 

Figure  I. — Tlom-oore  and  basioccipital  of  Ceratops  montanus.  Marsh;  side  view. 

a,  horn-eoro;  b,  basioccipital. 
FiODRK  2 — Horu-ooro8  and  basioccipital  of  same  skull;  posterior  view,    a,  left 

horn -core  ;  h,  basioccipital ;  c,  right  horn-core. 
Both  figures  are  one-fourth  natural  size. 
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id,  Mass.,  Ball,  295.  Malvaceae, 
tive  anatomy,  Dumont,  75.  Secre- 
igin  of  canals  and  receptacles  for, 
76.  Sterculiaceae,  comparative 
,  Dumont,  75.  Tiliacae.  compara- 
tomy,  Dumont,  75.  Vegetable  his- 
^5  ;    physiology,  158.      See  further 

BOLOOY. 

^.  T.,  Mt.  Loain  1880.  33. 

.  L.,  Archaean  areas  of  N.  J.  hnd 

1. 


Calorimeter,  ether,  Neesen,  293. 

Chamberlin,  B.  B.,  Minerals  of  New  York 
County,  392. 

Chatard,  T.  M.,  analyses  of  alkali  lake  waters, 
146.  • 

Chemical  Works  Noticed— Chemical  Analy- 
sis of  Iron,  Blau-,  387.  Modem  Theories  of 
Chemistry,  Meyer,  60. 

Cheuibtby — Aluminum  chloride,  vapor  den- 
sity, Friedel  and  Crafts,  465.  Carbon 
atom  and  valence,  V.  Meyer  and  Riecke, 
386.  Carbon  dioxide  in  freezing  mixtures, 
Cailletet  and  Colardeau.  465  Coal,  heat 
of  combustion,  Schuerer-Kestner,  466.  Ele- 
ments and  meta-elements,  Crookes,  63. 
Hydrofluoric  acid,  vapor-density,  Thorpe 
and  Hamhly,  385.  Hydrogen  sulphide, 
action  on  arsenic  acid,  Branner  and  Tomi- 
cek,  62.  Molecular  weights,  method  for 
determining,  Raoult,  384.  Nitrogen  perox- 
ide, molecular  weight,  Ramsay,  150.  Oxy- 
gon, spectrum,  Janssen.  385;  valence, 
Heyes,  385.  Phenyltliiocarbimide,  use  in 
optical  work,  Madan,  388.  Potassium, 
wave-length  of  red  lines,  Deslandres,  467. 
Solubility  and  fusibility,  Camelley  and 
Thomson,  383.  Valence,  experiment  to 
illustrate,  Lepsius,  62. 

Clarke,  P.  W.,  Constants  of  Nature,  303. 

Collins,  F.  S.,  Flora  of  Middlesex  Co.,  Mass., 
392. 

Color  photometry,  Abney,  292. 

Crosby,  W.  0.,  Bhick  Hills,  Dak.,  153. 

Current,  electric,  effect  of  magnetic  force  on 
equipotential  lines  of.  Hall,  131,  277. 

Currents,  alternatmg,  measurement  of,  Ken- 
nelly,  463. 


Dana,  R.  S.,  Beryllonite,  a  new  mineral,  290. 

Duna,  J.  D.,  changes  in  Mt  Loa  craters :  Pt 
II.  Mokuaweoweo,  14,  81,  167 ;  brief  his- 
tory of  Taconic  ideas,  410. 

Dame,  L.  L.,  Flora  of  Middlesex  Co.,  Mass.,  392. 


Index   contains  the  feneral   beads   Botakt.  Chxmistbt.  GsoLoaT.  Motxbals,  OBmrABT, 
LOGT,  and  ander  each  the  titles  of  Articles  referring  thereto  are  mentioned. 


Pftcksrd,  A.&,  EotomoloBytorBeglnnem,  291. 
Penfleld.  S.  L,  Bertrandite.  Mt  Anlero,  Ool., 

63;  in ioerslngical  notes,  317. 
PertioB,   a.   H.,   CalaloguB  ot  the   Flora   ot 

Vermnnt,  39*. 
'tUsbury.   J.    K.,   eipIoraliooB   of   the   Qulf 

Streani.  236 
'itcber,  ¥.  B.,  absorption  Hpectraof  blue  solu- 

tiono.  ^32. 
Polarization,  circular,   of   lartrBte  sotutiona, 

Long.  351. 
'tmCou,  E.  D.,  deSectioD  of  plumb-lina  mi 

TSriationH  of  gmvily,  Hawaiian  Js.,  306. 


tadiopliooe,  electro-chemical.  Chaperon  and 
Uenadiar,  1S3. 

l^leigh,  Light  nnd  EUectricity.  4i;s. 

l«jer,  E.,  Theoreliatiie  Qeolimie,  389. 

tock-lorming  minerals,  Rutiey,  293, 

kWEii — Cordierite  gneiss.  Conn,,  Hove;,  GT, 
Cortlandt  series,  Kemp,  247 :  G.  IL  Wili- 
UDJS,  2G4.  ImieoiiB,  lectll,  104,  Krahatoa, 
judd.  -ni.  MiorMcopical  Phj-eiography  of, 
IddiD(;s-Roae(ibuBch.  411. 

tpienliiiBdi,  Uicroacopical  Phj  Biography, 
tnnahition  by  tddlogs,  411. 

jsirkiid,  H.  A,,  eireot  of  magnet  on  ohentleal 

tnUey,  F.,  Kook-formitig  Minerals,  296, 


idineider,    E,    A.,   analjsia   of  a    soil   from 

Wsalimgton  Terr,,  23G, 
^rbiirn,  C.  D.,  Bibliography  ot  Foraminifera, 

n  In9t!tutiob,  AddubI  Report,  18, 
fie,   flow,   HkUooIe,   SS;   pondered,   com- 
ewion.  Spring,  286;  nsweity.  Berua,  118. 
■•Lenbacb.  O.  zu,  Einleitung  in  die  Palao- 
jtoytologie,  etc..  12. 

' '  e.  abeorptiOQ  spectra,  Pitcher, 
te,  circular  polarization,  LoBKi 


otrosTOpe,  Indei  to  Literature  of,  Tuoker- 
-    1,  303,  388. 

.   QrQnnalil'a    hypothesis, 

:  infra  red  aolnr,  Abney.  9S1 ;  inviaible 

'.  Langlaj,  'iS"! ;  of  oxygen, 


Teall,  J.  J.  H,,  Bntiah  Petrography, 
Todd,    D.   P.,   Amer.   Eclipse    Kipe 

Torsion,  resisunce  o(  bare  to.  Dews 
Trowbridge,  J.,  physical  notices.  66, 

387,  Ml. 
Tuckennaa,  A.,  [adei  to  the  Literatu 

Spectroscope,  303,  3SS. 
Tnckerman  Memorial  Library,  4Ifi. 

T 

Vibrations.  transTerae,  of  cords  an 
Meier.  331. 

TolcaDO,  eniptiOD  of,  in  Japan,  llansSi 
EiUuea  and  &IL  Loa  (Mokuaweoirei 
14,81,90.167;  Mokuaweotreo,  18: 
Brigham  and  Alexander,  33 ;  in  5 
land  and  Krakatoa,  Dana,  lOl;  ol 
toa,  Judd,  411. 

Vries,  A.  H.  de,  glycerin  in  Ita  rrii 
certain  tissuex,  168. 


Walcott,   0.  D„  Cambrian   fosBils  fi 

Stephens,  161. 
Wallace.  B.,  India  in  1887,  303. 
Ward.  L.  P.,  foBsil  plantB  and  the 

fonnation,  liS;  geological  ootjoec, 
Water,  electrolysis  of,  tod  Helmhol 

laMnt  heat  or  eTaporatioii,  Dieteric 
Watson.  S.,  ContributiimB  to  Amerioai 

392, 
Wave-length,  of  red  lines  of  polaasit 

landres.  407. 
Waves,  electro- magnetic,   interfereiH 

gerald.  387. 
White,  C.   A.,   Puget  Group  of  Wb 

Terr.,  443. 
Wliitfleld,  J.  E..  Fayette  Co,  meteoril 
WilUaniB.  G.  H,.  coDtact-roetamorph: 

Peekskill.  fJ,  Y..  251. 
Williamson.    W,    C,    roasil    plants 
""       "      fructiflcation 


WiUsc 


%71. 

1.  B.  W.,  mode  of  reading  mi 


Zoological    eieuraions    in     Payal    I 

Miguel,  Gueme,  11. 
ZoOLOor— 
Fauna  of  Great  Smoky  Mta..  Merr 
Foraminifera,  Recent  and  Foesil,  I 

phy  o£,  Sherburne.  396. 
Red-backed  mouse  {Evotamys  Oan 

Uerriam,  468. 
Tortoise  (Chrynmj/t  pUta)  with  tw 

Bnrbour.  227. 
See  further  under  Gsoloot. 
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I    LIST  OF  THE  WBTEUraS 

OP 

DR.    ASA    GRAY. 

CHRONOLOGHCALLY   ARRANGED.* 


I.    Scientific  Works  and  Articles. 

X834. 

A  Sketch  of  the  Mineralogy  of  a  portion  of  Jefferson  and  St.  Lawrence  Countiea, 
<N.  Y.) ;  by  Drs.  J.  B.  Crawe,  of  Watertown,  and  A.  Gray,  of  Utica,  (N.  Y.).  Am. 
J.  Sci.,  XXV,  346-350. 

North  American  Graminese  and  Cyperaceas  (exsiccatse).  Part  I,  1834;  Part  II, 
1836. 

1835. 

A  Monograph  of  the  N.  American  species  of  Rh3mcho8pora.  Ann.  N.  Y. 
Lye,  m,  191-220  (reprint,  191-219),  t.  1.     [Hook.  Comp.  Bot.  Mag.,  Ii,  26-38.] 

A  notice  of  some  new,  rare,  and  otherwise  interesting  plants  from  the  northern 
and  western  portions  of  the  State  of  New  York.  Ann.  N.  Y.  Lye,  ni,  221-238 
<reprint,  220-236). 

1836. 

Elements  of  Botany.     New  York,  1836,  8vo,  pp.  xiv,  428. 

1837. 

Remarks  on  the  structure  and  affinities  of  the  order  Ceratophyllaceae.  Ann  • 
N.  Y.  Lye,  IV,  41-60. 

Melanthacearum  Americte  Septentrionalis  Revisio.  Ann.  N.  Y.  Lye,  iv,  105- 
140. 

Remarks  on  the  progress  of  discovery  relative  to  vegetable  fecundation :  being 
A  preface  to  the  translation  of  A.  J.  C.  Corda's  "  Beitrage  zur  Lehre  von  der  Be- 
fhichtuog  der  Pflanzen."     Am.  J.  Sci.,  xxxi,  308-317. 

1838. 

A  Flora  of  North  America :  containing  abridged  descriptions  of  all  the  known 
indigenous  and  naturalized  Plants  growing  north  of  Mexico ;  arranged  according 
to  the  Natural  System.  By  John  Torrey  aud  Asa  Gray.  Vol.  I.  New  York, 
1838-1840,  8vo,  pp.  xvi,  7 1 1.— Vol  II.     1841-1843,  pp.  604. 

*  In  the  preparation  of  this  list  Dr.  S.  Watson  and  the  undersigned  have  received 
much  assistance  from  Professors  Farlow  and  C.  S.  Sarfrent.  A  ffreat  part  of  the  col- 
lection and  revision  of  references  has  been  done  by  Mr.  W.  F.  Ganoiur,  Assistant  in 
Botany.  Altbouffh  much  care  has  been  exercised  in  the  elaboration  of  the  list,  there 
are  doubtless  some  omissions.  In  view  of  rendering  the  list  more  nearly  complete, 
correspondents  are  urged  to  forward  promptly  any  corrections. 

This  list  will  be  followed  by  an  index  to  the  writings.  o.  l.  g. 


1840. 

Remarks  chiefly  od  the  SynoDymy  of  several  North  American  plants  of  the 
Orchis  tribe.     A.m.  J.  Sci.,  xxxvui,  306-311. 

1841. 

Notices  of  European  Herbaria,  particularly  those  most  interesting  to  the  North 
American  Botanist.  Am.  J.  Sci.,  ZL,  1-18.  [Ann.  Nat  Hist,  vii,  132-140,  179- 
185 ;  Hooker's  Journ.  Bot.,  lU,  363-374.] 

Notice  of  the  Botanical  Writings  of  the  late  0.  S.  Rafinesque.  Am.  J.  Sol,  il, 
221-241. 

1842. 

Notes  of  a  botanical  excursion  to  the  mountains  of  North  Carolina,  etc.,  with 
some  remarks  on  the  botany  of  the  higher  Alleghany  Mountains.  Am.  J.  Sci^ 
xui,  1-49.     [Hook.  Lond.  Journ.  Bot.,  i,  1-14,  217-237 ;  11, 113-125:  ra,  230-242.] 

The  Botanical  Text- Book  for  Colleges,  Schools  and  Private  Students.  New 
York.  1842.  8vo,  pp.  413.  Edition  2d,  ib.  1845,  8vo,  pp.  509;  3d,  ib.  1850,  Sto, 
pp.  520;  4th,  ib.  1853,  8vo,  pp.  528;  5th,  under  the  title,  Introduction  to  Structu- 
ral and  Systematic  Botany,  being  a  fifth  and  revised  edition  of  The  Botanical 
Text-Book,  New  York,  1857-1858,  pp.  xii,  555.  A  second  issue  bears  date  1860. 
Edition  6th,  Part  I.  Structural  Botany,  or  Organography  on  the  basis  of  Mor- 
phology.    New  York.  1879,  8vo,  pp.  xn,  442. 

X843. 

Selections  from  the  Scientific  Correspondence  of  Cadwallader  Colden  with  Gro- 
novius,  Linnaeus,  Colliuson  and  other  Naturalists.     Am.  J.  Sci.,  XLrv,  85-133. 

1844. 

Characters  of  some  new  genera  [Monoptilon,  Amphipappus,  Calliachyris,  Aniso- 
coma]  and  species  of  plants  of  the  natural  order  Compositse,  from  the  Rod^j 
Mountains  and  Upper  California.  Proc.  Best.  Soc.  Nat.  Hist,  i,  2 10-2 1 2  (abstract); 
Journ.  Best.  Soc.  Nat.  Hist.,  v,  104-111,  with  plate. 

The  Longevity  of  Trees.     N.  A.  Review,  July,  1844,  189-238. 

1845. 

The  Chemistry  of  Vegetation.     N.  A.  Review,  Jan,  1845,  3-42. 

Plantar  Lindheimeriana? ;  an  enumeration  of  F,  Lindheimer'8  collection  of  Texan 
plants,  with  remarks,  and  descriptions  of  new  species,  etc.  By  Groorge  Engel- 
mann  and  Asa  Gray.     Journ.  Best.  Soc.  Nat.  Hist.,  v,  210-264. 

1846. 

Musci  AUeghanienses,  sive  Spicilogia  Muscorum  atque  Hepaticarum  quos  in 
itinere  a  Marylandia  usque  ad  Creorgiam  per  tractus  montium  A.  D.  mdcociliii 
decerpserunt  Asa  Gray  ot  W.  S.  Sullivant  (interjeetia  nonnullis  aliunde  collectis). 
[Review,  with  notes.]     Am.  J.  Sci.,  II,  I,  70-81.  312. 

Notice  of  a  new  genus  of  plants  of  the  order  Santalaceffi  (Darbya).     Am.  J.  Sci., 

II,  I,  380-.389;    Proc.  Bost.  Soc.  Xat.   Hist,  ii,  115-116  (abstract);  Journ.  Boat. 
Soc.  Nat.  Hist.,  v,  .348-351. 

Scioniific  Results  of  the  Exploring  Expedition.  N.  A.  Review,  July,  1846, 
211-226. 

Analogy  between  the  Flora  of  Japan  and  that  of  the  United  States.  Am.  J. 
Sci.,  II,  II,  13.5-136. 

Gharactors  of  some  new  genera  and  species  of  Compositae  from  Texas.  Proc. 
Am.  Acad,  i,  4G-50.     [Am.  J.  Sci.,  II,  iii,  274-276,  in  part.] 

Chloris  Boreali-Americana.  Illustrations  of  new.  rare,  or  otherwise  interesting 
North  American  Plants,  selected  chiefly  from  those  recently  brought  into  cultiva- 
tion at  the  Botanic  Garden  of  Harvard  Universitv.     Decade  I.     Mem.  Am.  Acad, 

III,  1-56,  tt.  1-10. 


1 847. 

Food  of  the  ^Castodon.     Am.  J.  Sci.,  II,  in,  436. 

Note  upon  Carex  loUacea,  Linn,  and  C.  gracilis.  Ehrh.    Am.  J.  Sci.,  II,  nr,  19-22. 

1848. 

(Genera  Florae  AmericsB  Boreali-Orientalis  lUustrata.  The  Genera  of  the  Plants 
of  the  United  States  illustrated  hj  figures  and  analyses  from  nature,  by  Isaac 
Sprague,  Superintended  and  with  descriptions,  etc.,  by  Asa  Gray.  Vols,  i,  11 
(1848,  1849),  8^  pp.  230,  229,  and  186  plates. 

A  Manual  of  the  Botany  of  the  Northern  United  States,  from  New  England  to 
Wisconsin  and  South  to  Ohio  and  Pennsylvania  inclusive  (the  Bfossos  and  Liver- 
worts by  Wm.  S.  Sullivant),  arranged  according  to  the  Natural  System.  Boston 
and  Cambridge,  1848,  8vo,  pp.  budi,  710.  [Later  editions  are  given  under  dates 
of  publication.] 

Z849. 

Plantse  Fendlerianse  Novi-Mexicanae:  an  account  of  a  Collection  of  Plants 
made  chiefly  in  the  Vicinity  of  Santa  Fe,  New  Mexico,  by  Augustus  Fendler. 
Proc.  Am.  Acad.,  ir,  6-9  [abstract];  Mem.  Am.  Acad.,  iv,  1-116. 

On  some  plants  of  the  order  Compositae  from  the  Sandwich  Islands.  Proc.  Am. 
.  Assoc.,  II,  397-398. 

On  the  composition  of  the  plant  by  ph3rtons,  and  some  applications  of  phyllo- 
taxis.     Proc.  Am.  Assoc.,  n,  438-444. 

Note  on  the  genus  Thelesperma,  Lesaing.     Hook.  Journ.  Bot,  i,  252. 

1850. 

Plantae  Lindheimerianse,  Part  II.    Journ.  Bost.  Soc.  Nat.  Hist.,  vi,  141-233. 

1851. 

Characters  of  some  Gnaphalioid  Composite  of  the  division  Angianthess.  Hook. 
Journ.  Bot.,  iii,  97-102,  147-153,  172-178. 

Characters  of  a  new  g^nus  (Dissothrix)  of  Composite- Bupatoriaceffi,  with  remarks 
on  some  other  genera  of  the  same  tribe.     Hook.  Journ.  Bot,  in,  223-225. 

1852. 

Account  of  Argyroxiphium.  a  remarkable  genus  of  Compositas,  belonging  to 
the  mountains  of  the  Sandwich  Islands.     Proc.  Am.  Acad.,  11,  159-160. 

Characters  of  three  new  genera  of  plants  of  the  orders  Yiolacese  and  Anonacese, 
discovered  by  the  naturalists  of  the  United  States  Exploring  Expedition  [Ag^tea, 
Isodendrion,  Richella].     Proc.  Am.  Acad.,  11,  323-325. 

Plantae  Wrightianae  Texano — Neo-Mexicanae :  an  account  of  a  Collection  of 
Plants  made  by  Charles  Wright,  A.M..  in  an  expedition  from  Texas  to  El  Paso, 
New  Mexico,  in  the  summer  and  autumn  of  1849.  Part  I.  Smithsonian  Contri- 
butions, ui,  1-146,  tt.  10. 

Remarks  on  Menodora,  Humb.  and  Bonpl,  and  Bolivaria,  Cham,  and  Schlecht. 
Am.  J.  Sci.,  II,  XIV,  41-45. 

Note  on  Tetratheca.     Hook.  Journ.  Bot.,  iv.  199-200. 

Characters  of  some  Southwest  Australian  Compositae.  principally  of  the  subtribe 
Gnaphalieae.     Hook.  Journ.  Bot.,  iv,  225-232,  2G6-276. 

1853. 

PlantaB  Wrightianae  Texano^Neo-Mexicanae.  Part  II.  A.n  account  of  a  col- 
lectioti  of  plants  made  by  Charles  Wright,  A.M.,  in  Western  Texas.  New  Mexico 
and  Sonora,  in  the  years  1851  and  1852     Smithsonian  Contributions,  v,  1-119,  tt.  4. 

Brief  characters  of  some  new  genera  and  species  of  Njciaginaceie,  principally 
•collected  in  Texas  and  New  Mexico.     Am.  J.  Sci.,  II,  xv,  259-263,  319-324. 

On  the  discovery  of  two  species  of  Trichomanes  in  the  State  of  Alabama,  one 
of  which  is  new.     Am.  J.  Sci.,  II,  xv,  324-326. 
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Characters  of  Tetraclea,  a  new  genus  of  Verbenaceie.    Am.  J.  ScL,  II,  xn,  91-98. 

Note  on  the  parasitism  of  Comandra  umbeData,  Nutt  Am.  J.  ScL,  II,  m, 
250<-251.     [Ann.  Nat.  Hist,  xn,  365-366.] 

Characters  of  some  new  genera  of  Plants,  mostly  from  Polynesia,  in  the  coU 
lection  of  the  United  Slates  Exploring  Expedition  under  Captain  Wilkes.  Proc. 
Am.  Acad.,  m,  48-54,  J27-129. 

1854. 

On  the  age  of  the  large  tree  recently  felled  in  Califomia.  Am.  J.  Scl^  n,  xm, 
440-443. 

Note  on  the  genus  Buckley  a.    Am.  J.  Sci ,  11,  imi,  98-100. 

Plantie  NoTse  Thurberianae :  The  characters  of  some  New  Genera  and  ^»ecie8 
of  Plants  in  a  Collection  made  by  George  Thurber,  Esq.,  of  the  late  Mexicta 
Boundary  Commission,  diiefly  in  New  Mexico  and  Sooora.  Mem.  Am.  Acai, 
n.  s.,  V,  297-328. 

On  the  Affinities  of  the  Genus  VaTca,  Benth.;  also  of  Rhytidandra,  Gnj. 
Mem.  Am.  Acad.,  n.  &,  v.  329-336.     [Hook.  Joum.  Bot.,  m,  189-190.] 

United  States  Exploring  Expedition,  during  the  years  1838,  1839,  1840.  1841, 
1842.  under  the  command  of  Charies  Wilkes,   C  S.  N.     ToL  xv.    Botanj. 
Phanerogaoiia.     With  a  folio  Atlas  of  one  huidred  platee.     Part  L     Philadel]^. 
1854.     40,  pp.  775. 
.    Mammoth  Trees  of  Califomia.     Am.  J.  ScL,  IL  xvra,  286-287. 

1855. 

The  Smithsonian  InsntutiotL     Am.  J.  Sci.  II.  XX.  1-91. 

Botanical  Report*  by  John  Tortej  and  .\sa  Gray,  upon  the  Collections  made  bf 
Oiptain  Gunnison.  TopoiirTaphical  Engineers,  in  1853.  and  br  Lieutenant  E  G. 
Beckwith.  Thini  Artillery,  in  1854.  Fmd&c  R.  R.  SarTers.'n  1 15-133, wi&  tm 
piateis. 

Report  on  the  Botany  of  the  Expedition  [under  Captain  John  Pope],  by  John 
Torrvy  and  Asa  Grit.     Paouic  R.  R.  Sunr^ys^  n.  15T-17S,  with  ten  plates. 

Xo5<»  .^a  J  he  tVrelorn>ent  aad  SiruvHiire  ci  the  Integuments  of  the  Seed  of 
MAiimvvijL     Ikvi.  Journ.  Bot^  vil  243-245:  rm,  2^ 

1856. 

A  Mikrrji'  of  the  IxXJiry  of  ihe  X.^nhem  United  Scales:  Second  Edition:  in- 
oxud:r.c  V.rcriA.  Ktr2:.:o*r.  i-i  iU  ease  ot  ;h.e  Mississippi:  arranged  according 
tv^  th;"  Njk;;:rai'.  Sy^<?=L  Tie  iil->5jse<  acd  Lirerarjrts  by  Wat  S-  SolliTanti  With 
fourteen  :'a:c>.  :..lu>;r*:iz*:  ;he  :rr::e-i  of  riie  Orrp«vaaiia.     Xew  York.  1S56. 
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<:.i..-;  ;<  - :"  :he  T.-ca     :  -*l.f  X:r.iTrz  ^  »:Ke«i  54&;es.     Am.  J.  Sci„  IL  ro, 
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GeDoral  Catalogue  of  the  Plants  collected  on  the  Expedition  [under  Lieut.  R.  S. 
Williamson  and  Lieut  H.  L.  Abbot],  (By  J.  S.  Newberry.  Ivesia,  Compositse, 
Hemitomes  (and  Monotropeu)),  Scropnulariaceffi,  Hydrophyllacese,  and  Gentianacese, 
by  Asa  Gray).    Pacific  R.  R.  Surveys,  vi,  72-73,  76-87,  with  six  plates. 

First  Lessons  in  Botany  and  Vej^etable  Physiology.  New  York,  1867.  8vo, 
pp.  236      [There  are  later  issues.]     Revised  Aug.,  1868. 

On  the  age  of  a  large  Californian  coniferous  tree.     Proc.  Am.  Acad.,  iii,  94-97. 

1858. 

A  short  exposition  of  the  structure  of  the  ovule  and  seed-coats  of  Magnolia. 
Joum.  Linn.  Soc.,  11,  106-110. 

How  Plants  Grow :  a  simple  introduction  to  Structural  Botany.  With  a  Popu- 
lar Flora.    New  York,  1858.     8vo.  233. 

Note  on  the  coiling  of  tendrils  of  plants.  Proc.  Am.  Acad.,  iv,  98-99.  [Ann. 
Nat.  Hist,  III,  513-514;  Am.  J.  Sci.,  II,  xxvii,  2/77-278.] 

Notes  upon  some  Rubiacese,  collected  in  the  South  Sea  Exploring  Expedition 
under  Capt  Wilkes.    Proc.  Am.  Acad.,  iv,  33-50,  306-318. 

Action  of  foreign  Pollen  upon  the  Fruit     Am.  J.  Sci.,  H,  xxv,  122,  123. 

1859. 

Neviusia,  a  new  genus  of  Rosacese.     Mem.  Am.  Acad.,  vi,  373-376,  with  plate. 

Diagnostic  characters  of  new  species  of  phsenogamous  plants,  collected  in  Japan 
by  Charles  Wright  botanist  of  the  U.  S.  North  Pacific  Exploring  Expedition. 
With  observations  upon  the  relations  of  the  Japanese  Flora  to  that  of  North 
America,  and  of  other  parts  of  the  Northern  Temperate  Zone.  Mem.  Am.  Acad., 
VI,  377-452.  [Bibl.  Univ.  Archives,  ix,  32-43;  Canadian  Naturalist,  iv,  296- 
297  :  Am.  J.  Sci.,  U,  xxviii,  187-200.] 

On  the  genus  Croomia,  and  its  place  in  the  Natural  System.  Mem.  Am.  Acad., 
VI,  453-457,  with  plate. 

Characters  of  Ancistrophora,  a  new  genus  of  the  order  Compositae,  recently 
detected  by  Charles  Wright.     Mem.  Am.  Acad.,  vi,  457-458. 

Notes  upon  some  Polynesian  plants  of  the  order  Loganiaceae.  Proc.  Am.  Acad., 
IV,  319-324. 

Diagnoses  of  the  species  of  Sandal-wood  (Santalum)  of  the  Sandwich  Islands. 
Proc.  Am.  Acad.,  iv,  326-327. 

A  revision  of  the  genus  Forestiera.     Proc.  Am.  Acad.,  iv,  363-366. 

Report  of  the  United  States  and  Mexican  Boundary  Survey  made  under  the 
direction  of  the  Secretary  of  the  Interior,  by  William  H.  Emory.  Vol.  11,  Part  I. 
Botany  of  the  Boimdary.  (Note  on  Synth lipsis,  Compositee,  Scrophulariacese, 
note  on  Datura,  conspectus  of  the  genera  of  Nyctaginaceas  and  the  species  of 
Mirabilis  and  Oxybaphus,  by  Dr.  Gray),  pp.  34,  7,V107,  110-121,  154,  172-175, 
with  five  plates. 

Lists  of  Plants  collected  by  Emanuel  Samuels,  in  Sonoma  County,  California,  in 
1856.     Proc.  Boat  Soa  Nat  Hist,  vii,  142-145. 

List  of  a  collection  of  dried  plants  made  by  L.  J.  Xantus,  at  Fort  Tejon  and 
Vicinity,  CahTomia,  near  lat  35°  and  long.  119",  1857-8  Proc.  Bost  Soc.  Nat 
Hist.,  vu,  145-149. 

Manual  of  the  Botany  of  the  Northern  United  States.  Revised  [Third]  Edition ; 
including  Vurg^nia,  Kentucky  and  all  east  of  the  Mississippi ;  arranged  according 
to  the  Natural  System.  With  six  plates,  illustrating  the  Genera  of  Feros,  etc. 
1869,  pp.  xxiv,  635. 

British  National  Museums  of  Natural  History.     Am.  J.  Sci.,  II,  xxvii,  277. 

Trichomanes  radicans,  Swartz.    Am.  J.  Sci.,  xxviii,  440,  441. 

z86o. 

Catalogue  of  Plants  collected  East  of  the  Rocky  Mountains.  Pacific  R.  R.  Sur- 
veys, XII,  part  2,  40-49,  with  three  plates. 

Report  upon  the  Colorado  River  of  the  West  explored  in  1857  and  1858  by 
Lieutenant  Joseph  C.  Ives.  Part  IV.  Botany  (the  orders  preceding  Verbenacese, 
excepting  the  Cactacese,  by  Prof.  Gray),  pp.  1-20. 
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Potamog^ton  crispus,  L.;  Marsilea  quadrifolia,  L.    Am.  J.  ScL,  II,  zxx,  139, 140. 

Discussion  between  two  readers  of  Darwin's  Treatise  on  the  Origin  of  Species. 
Am.  J.  Sci.,  II,  XXX,  226-239.  [Desifi^n  versus  Necessity. — Discussion  between 
two  readers  of  Darwin's  Treatise  on  the  Origin  of  Species,  upon  ita  natural  the- 
ology.    Darwiniana,  pp.  62-86.] 

z86i. 

NotQ  on  the  species  of  Nissolia.    JonrQ.  Unn.  Soc.,  v,  25-26. 

Characters  of  some  Ck)mpositae  in  the  collection  of  the  United  States  South  Pa- 
cific Exploring  Expedition  under  Capt.  Wilkes;  with  observations,  etc.  Proc. 
Am.  Acad.,  v,  114-146. 

Notes  on  Lobeliaceai.  Goodeniacese,  etc.,  in  the  collection  made  by  the  South 
Pacific  Exploring  Expedition.     Proc.  Am.  Acad.,  v,  146-152. 

Enumeration  of  a  coll^-ction  of  dried  plants  made  by  L.  J.  Xautus,  at  Cape  San 
Lucas,  etc.,  in  Lower  California,  between  Aug,  1859,  and  Feb.,  1860.  Proc.  Am, 
Acad.,  V,  153-173. 

A  cursory  examination  of  a  collection  of  dried  plants  made  by  L.  C.  Ervend- 
berg  around  Wartenberg,  near  Tantoyuca,  in  the  ancient  province  of  Iluasteca, 
Mexico,  in  1858  and  1859.     Proc.  Am.  Acad.,  v,  174-190. 

Note  on  the  genus  Graphephorum,  Desc,  and  its  synonymy.  Proc.  Adl  Acad., 
V,  190-191;   Ann.  Bot.  Soc.  Canada,  i,  55-57. 

Notes  upon  a  portion  of  Dr.  Seemann's  recent  collection  of  driod  plants  gathered 
in  the  Feejee  Islands.     Proc.  Am.  Acad.,  v,  314-321. 

Characters  of  uqw  or  obscure  species  of  plants  of  Monopetalous  orders  in  the 
collection  of  the  United  States  Pacific  Exploring  Expedition ;  with  occasional  re- 
marks, etc.     Proc.  Am.  Acad.,  v.  321-352 ;  vi,  37-55. 

Heath  (ralluna  vuljraris)  in  North  America  Am.  J.  Sci.,  II,  xxxii,  290,  291: 
XXXVIII,  122-124;  428,  429:  xsxix,  228;  XLHi,  128,  129.  [Calluna  atlantica. 
Seem.;  also  Seemann's  Joiirn.  Bot.,  v,  84,  85.] 

Aira  caryophyllea  in  the  United  Slates.     Am.  J.  Sci.,  II,  xxxii,  291. 

1862. 

PlanUe  Viiienses  Seemannianiv.  Remarks  on  the  Plants  collected  in  the  VitiaD 
or  Fijian  Islands  by  Dr.  Bcrthold  Seemann.     Bonplandia.  x.  34-37. 

Enumeration  of  tlie  Plants  of  Dr.  Parry's  colleclion  in  the  Rocky  Mountains  in 
1861.      Am.  J.  Sci.,  II.  XX.VIII,  237-243,  4(»4-tl  1  ;   XXXIV,  '249-261,  330-341. 

Notes  upon  the  "  Description  of  New  Plants  from  Texas  by  S.  B.  Buckler. ' 
Proc.  Pliila.  Acad.  Nat  Sci.,  18G2.  161-Di8. 

A  Report  upon  Mr.  S.  B.  Buckley's  "  Description  of  Plants,  No.  3,  Gnunioes." 
Proc.  Philad.  Acad.,  1862,  332-337. 

Additional  note  on  the  genus  Rhytidandra.     Proc.  Am.  Acad.,  vi,  55-56. 

Synopsis  of  the  genus  Pentstemon.     Proc.  Am.  Acad.,  vi,  56-76. 

Revision  of  the  North  American  species  of  the  genus  Calamagrostis,  sect  Dey- 
euxia.     Proc.  Am.  Acad.,  vi.  77-80. 

Fertilization  of  Orchids  through  the  Agency  of  Insects.  Am.  J.  Sci.,  II,  xxiiT. 
420-429. 

i863. 

Darlingtonia  Californica,  Torr.     Am.  J.  Sci.,  If,  xxxv,  136-137. 

Botanical  Collections  in  the  Rocky  Mountains      Am.  J.  Sci..  IT,  xxxv,  137. 

Species  considered  as  to  Variation,  Geographical  Distribution  and  Successioo. 
Ann.  Nat.  Hist  ,  xii.  81-97.     [Darwiniana,  pp.  178-204.J 

Enumeration  of  the  species  of  plants  collected  by  Dr.  C.  C.  Parry  and  Messrs. 
Klihu  Hall  and  J.  P.  Harl)our,  during  the  summer  and  autumn  of  1862,  on  and 
near  tlie  Rocky  Mountains,  in  Colorado  Territory,  lat.  36°-4l''.  Proc.  Philad. 
Acad.  Nat.  Sci..'  18G3.  55-80. 

Structure  and  fertilization  of  certain  Orchids      Am.  J.  Sci..  II,  xxxn,  292-294. 

Manual  of  the  Botany,  etc.  Fourth  revised  Edition.  To  wliich  is  added 
Garden  Botany,  an  Introduction  to  a  knowledge  of  the  common  cultivated  Plants. 
With  tweutv-two  plates,  iUustraiing  the  Grasses,  Ferns,  Mosses,  etc.  New  York. 
18(53,  pp.  ci"^  743. 

Syn«.p9is  of  the  species  of  Hosackia.     Proc.  Acad.  Philad.,  1863,  34&-352. 
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X864. 

On  Streptanthus.  NtUt,,  and  the  plants  which  have  been  referred  to  that  genus. 
Proc  Am.  Acad.,  vi,  182-188. 

A  revision  and  arrangement  (mainlj  by  the  fruit)  of  the  North  American 
flpecies  of  Astragalus  and  Oiytropis.     Proc.  Am.  Acad.,  vi,  188-236. 

On  scientific  nomenclature.  Am.  J.  Sci.,  II,  xxxvn,  278-281.  [Ann.  Mag.  Nat. 
Hist.,  xm.  617-520;  Seemann's  Jourh.  Bot.,  11,  188-190.] 

Radicle-ism.     Am.  J.  Sci.,  xxxvni,  r25-126. 

New  Scirpi  of  the  Northeru  United  Slates:  S.  Caubyi,  S.  Clintonii.  Am.  J.  Sci., 
n,  xxxvui,  289-290. 

1865. 

Najas  major,  Ruppia  maritima,  etc.,  discovered  at  Saliua,  N.  Y.  Am.  J.  ScL, 
II,  zzxix,  106-107. 

Harvard  University  Herbarium.     Am.  J.  Sci.,  IF.  zzxiz,  224-226. 

Story  about  a  Cedar  of  Lebanon.     Am.  J.  Sci.,  II,'XXX[x,  226-228. 

New  or  little  known  Polynesian  Thymeieae.     Seemann's  Journ.  Bot,  in,  302-306. 

The  Tennessee  Yellow-Wood  (Cladrastis  lutea).     Am.  J.  Sci,  II,  XL,  273. 

Characters  of  some  new  plants  of  California  an«l  Nevada,  chiefly  from  the  col- 
lections of  Professor  William  H.  Brewer  and  of  Dr.  Charles  L.  Anderson,  with 
revisions  of  certain  genera  or  groups.     Proc.  Am.  Acad.,  vi,  519-556. 

x866. 

Professor  Treadwell's  Improvements  in  construciing  Cannon :  Address  of  the 
President  of  the  American  Academy  of  Arts  and  Sciences  (Prof.  Asa  Gray)  upon 
the  presentation  of  the  Rumford  Medal  to  Professor  Treadwell.  November  15, 
1866.     Proc  Am.  Acad.,  vii,  44-51 ;  Am.  J.  ScL,  II,  xu,  97-103. 

Scolopendrium  officinarum  in  Western  New  York.     Am.  J.  Sci.,  II,  XLi,  417. 

A  new  Fijian  Hedycaria:   H.  dorstenioides.     Seemann's  Journ.  Bot.,  rv,  83-84. 

Note  on  a  regular  dimerous  flower  of  Cypripedium  candidum.  Am.  J.  Sci.,  II, 
XLn,  195;  [Ann.  Mag.  Nat.  Hist.,  xviii,  341-342;  Seemann's  Journ.  Bot.,  iv, 
378-379.] 

1867. 

An  innovation  in  nomenclature  in  the  recently  issued  volume  of  the  Prodromui. 
Am.  J.  ScL,  II,  XLiii,  126-128;  [Seemanu's  Journ.  Bot.,  v,  81-84]. 

Manual  of  the  Botany  of  the  Northern  United  States,  including  the  District  east 
of  the  Mississippi  and  nortli  of  North  Carolina  and  Tennessee,  arranged  according 
to  the  Natural  System.  Fifth  Edition,  with  twenty  plates,  illustrating  the 
Sedges,  Grasses,  Ferns,  etc.  New  Yori<,  1867.  8*,  pp.  701.  A  second  Issue  in 
1 868  has  four  pages  of  addenda. 

Morphology  of  stamens  and  use  of  abortive  organs.  Am.  J.  ScL,  II,  xun, 
273-274. 

Botanical  Notes  and  Queries.  On  Sambucus  Canadensis,  Robinia  hispida,  and 
Clerodendron  Thompsonae.     Am.  Nat.,  i,  493-494 

May-apples  in  Clusters;  Invasions  of  Foreign  Plants.     Am.  Nat.,  i,  494-495. 

1868. 

Botanical  Notes  and  Queries.  On  Tillandsia  usneoides ;  Robinia  hispida.  Am. 
Nat.,  I,  673-674. 

Monstrous  Flowers  of  Uabenaria  fimbriata;  The  Klder  (Sambucus  Canadensis) 
as  a  native  plant;  German  Ivy,  so-called,  flowering  under  peculiar  circumstances. 
Am.  Nat.,  11,  38-39. 

Descriptions  of  eleven  new  Californian  plants.     Proc.  Calif.  Acad.,  in,  101-103. 

Characters  of  new  plants  of  California  and  elsewhere,  principally  of  those  col- 
lected by  W.  H.  Brewer  and  U.  N.  Bolander.     Proc.  Am.  Acad.,  vii,  327-401. 

Shortia,  Tbrr.  <fc  Gray^  and  Schizocodon,  Sieh.  &  Zucc.^  identical.  Am.  J. 
Sci.,  II,  XLV,  402-403. 

Remarks  on  the  laws  of  botanical  nomenclature.     Am.  J.  ScL,  IF,  xlvi,  74-77. 
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Planera  aquatica,  the  Planer-tree.     Am.  Nat,  ii,  441. 

Saxifraga  Virginiensis.     Am.  Nat.,  ii,  484. 

Field,  Forest  and  Garden  Botany.  A  simple  introduction  to  the  common  pUnts 
of  the  United  States  east  of  the  Mississippi,  both  wild  and  cultivated.  New 
York.  1868.  8"*,  pp.  386.  A  second  revised  issue,  1870.  Bound  with  the  "Les- 
sons," this  forms  the  "School  and  Field-book  of  Botanj.'^ 

X870. 

A  revision  of  the  Eriogones.  By  Asa  Gray  and  J.  Torrey.  Proc.  Am.  Acad., 
VIII,  145-200. 

Dialysis  with  Staminody  in  Kalmia  latifolia.     Am.  Nat,  iv,  373-374. 

Botanical  Contributions. — 1.  Reconstruction  of  the  Order  Dlapensiaoese.— 2. 
Revision  of  the  North  American  Polemooiaoeae. — 3.  Miscellaneous  Botanical  Notes 
and  Characters.     Proc.  Am.  Acad,,  viii,  243-296. 

1871. 

On  hypoootyledonary  gemmation.  Am.  J.  Sci.,  Ill,  11,  63 ;  [Ann.  Mtg.  Kat 
Hist,  vin,  220.] 

Arrangement  for  Cross-fertilization  of  the  flowers  of  Scrophularia  nodosa.  Am. 
J.  Sci.,  Ill,  II,  150-151. 

Characters  of  a  new  genus  (Eophyton)  consisting  of  two  species  of  parasitic 
Grcntianeae :  E.  tenellum,  E.  Lobbii.     Joum.  Linn.  Soc,  xi,  22-23. 

A  new  species  of  Erythronium :  E.  propiillans.  Am.  Nat,  v,  298-300.  [Cana- 
dian Naturalist  v,  466-466.] 

Anthers  of  Parnassia.     Am.  J.  Sci..  Ill,  11.  306.     [Am.  Nat,  v,  649-650.] 

Baptisia  perfoliata:  the  arrangement  of  morphology  of  its  leaves.  Am.  J.  So, 
III,  II,  462-463.     [Seemann's  Journ.  Bot,  x,  84-85.  | 

Drosera  (Sundew)  as  a  Fly-catcher.     Am.  J.  Sci.,  Ill,  11,  463-464. 

Z872. 

Dismissal  of  the  late  Botanist  of  the  Department  of  Agriculture.  Am.  Nat, 
VI,  .39-45.     [Am.  J.  Sci.,  Ill,  v.  315-318.] 

Botany  for  Younj^  People.  Part  11. — How  Plants  Behave:  how  they  move, 
climb,  employ  insects  to  work  for  them.  etc.     New  York,  1872.     Small  4'.  pp.  46. 

Plant  Dryers.     Am.  Nat.  vi,  107-108. 

New  parasitic  plant  of  the  Mistletoe  family:  Arceutliobium  minutum.  Am. 
Nat,  VI,  16G-167. 

Botanical  Contributions — 1.  Notes  on  LabiaUe. — 2.  Determinations  of  a  collec- 
tion of  Plants  made  in  Oregon  by  Klihu  Hall  during  the  summer  of  1871,  with 
characters  of  some  New  Species  and  various  Notes.  Proc.  Am.  Acad.,  vm 
3()5-ilJ. 

Rumex  Britannica,  L.  Seemann's  Journ.  Bot.,  x,  211-212  (from  Proc.  Ara. 
Acad.,  VIII,  39i)). 

Address  before  the  American  Association  at  Dubuque,  Iowa.  August  18*2 
Am.  J.  Sci.  HI,  IV,  282-21)8;  Am.  Nat,  vi,  577-  596  (''Sequoia  and  its  history'i: 
Trimen's  Journ.  Bot,  x  (1872),  309-313  (extract  "Origin  of  the  Flora  of  Atlantic 
North  America');  Proc.  Am.  Assoc,  xxi,  1-31  (with  corrections  and  appendix. 
[Sequoia  and  its  historv ;  the  relations  of  North  American  to  Northeast  Asian 
and  to  Tertiary  Vegetation.     Darwiniana,  pp.  205-235.] 

Wild  Double-flowered  Epigica  repens.     Am.  Nat.,  vi,  429. 

Acer  nigrum  with  Stipules.     Am.  Nat.,  vi,  767. 

1873. 

The  Horse  Disease.     Ara.  Nat.,  vii,  167. 

Gelsemium  has  dimorphous  flowers.     Am.  J.  Sci.,  Ill,  v,  480. 

Note  on  apples  which  are  half  like  one  and  half  Hke  another  species.  Am. 
Nat,  vii,  236. 

Flv-catching  in  Sarracenia.  Am.  J.  Sci.,  Ill,  vi,  149-150;  467-468;  vn. 
440^42. 
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Botanical  Notelets.  Equisetum  arvense;  Cjpripedium  acaule;  Acer  nigrum; 
Anemone  nemorosa  or  trif olia ;  Dimorphism  in  Forsythia.    Am.  Nat,  yii,  422-423. 

Dionsea.     Am.  J.  Sci.,  Ill,  vi,  150. 

PlanUe  Texanse:  a  list  of  the  Plants  collected  in  Eastern  Texas  in  1872.  and 
distributed  to  subscribers  by  Elihu  Hall.    Salem,  1873.    4%  pp.  29. 

Rubus  deliciosus,  Tbrr.;  Spiranthes  RomanzoviaDa.  Am.  J.  Sci.,  Ill,  vi,  389-390. 

Characters  of  newrgeuera  and  species  of  plants.    Proc.  Am.  Acad.,  viii,  620-631. 

Notes  on  CompositaB  and  characters  of  certain  genera  and  species,  etc.  Proo. 
Am.  Acad.,  viii,  631-661. 

CUeistogenous  Flowers  in  Oxybaphus  nvciagineus.    Am.  Nat ,  yii.  692. 

Note  on  movements  of  leaves  of  Drosera  and  Dionsea.     Am.  Nat.,  vii,  738-739. 


1874. 

Yucca  gloriosa:  Arundo  Donax  in  Virginia ;  Tricbomanea  radicans  in  Eentuckj. 
Am.  J.  Sd.,  Ill,  vn,  66. 

How  Trees  grow  tall.     N.  Y.  Semi-weekly  Tribune,  Feb.  20,  Mar.  6,  Mar.  13. 

Insectivorous  Plants.  Nation,  No.  457,  pp.  216-217;  No.  458,  pp.  232-234. 
[Darwiniana,  pp.  289-307.] 

Notes  on  Compositse  and  characters  of  certain  genera  and  species.  Proc.  Am. 
Acad.,  £X,  187-218. 

Were  the  Fruits  made  for  Man,  or  did  Man  make  the  Fruits?  Am.  Nat.,  viii, 
llft-1 20.    (Reprinted  from  the  "  Horticulturist.") 

Sphaeralcea  acerifolia  in  Illinois.     Am.  J.  Sci.,  Ill,  vii,  239. 

Pachystigma  Ganbyi  Gray;  Woodsia  Ilvensis,  why  so  named?  Villars  and 
Viilarsia.     Am.  J.  Sci.,  Ill,  vn,  442-443. 

rnsectivorous  Plants — additional  investigations.  ^.  Y.  Semi-weekly  Tribune, 
June  5. 

Note  on  the  origin  of  "May  Apples."    N.  Y.  Serai-weekly  Tribune,  June  12. 

A  Vegetable  Steel-trap.    N.  Y.  Semi-weekly  Tribune,  Nov.  6. 

The  OflQoe  of  Leaves.     N.  Y.  Semi-weekly  Tribune,  Nov.  27. 

Do  Varieties  wear  out  or  tend  to  wear  out?  N.  Y.  Semi-weekly  Tribune,  Dec. 
8.  [Am.  J.  Sd.,  Ill,  IX,  109-114;  Darwiniana,  pp.  334-355.  Noticed  in  Am. 
Nat,  iz,  53.] 

Ck>ntributions  to  the  Botany  of  North  America. — 1.  A  Synopsis  of  the  North 
American  Thistles. — 2.  Notes  on  Borragiuaceae — 3.  Synopsis  of  North  Ameri- 
can Spedes  of  Physalis. — 4.  Characters  of  various  New  Species.  Proc.  Am. 
Acad.,  X,  39-78. 

Johnson's  New  Universal  Cyclopedia. — Botany,  i.,  566-571. — Leaf,  11,  1694. — 
Morphology,  IH,  627. 

1875. 

Revision  of  the  Grenus  Symphoricarpus.    Journ.  Linn.  Soc,  xiv,  9-12. 

Note  on  Nemacladus,  Nutt.    Journ.  Linn.  Soc,  xiv,  28-29. 

A  conspectus  of  the  North  American  Hydrophyllaceac.  Proc.  Am.  Acad.,  x, 
312-332. 

Estivation  in  Asimina.     Am.  J.  Sci.,  HI,  x,  63. 

Note  on  peas  from  mummies  and  clover  from  greensand  inarl.  Nation,  No. 
523.  p.  27. 

The  Potato  Rot;  Slitting  down  the  Bark  of  Fruit  Trees  in  Early  Summer.  Am. 
Agriculturist,  July,  pp.  262-263. 

A  Pilgrimage  to  Torreya.     Am.  Agriculturist,  July,  pp.  266-267. 

The  Box- Huckleberry  (Gaylussada  brachycera,  Gray).      Am.  J.  Sd.,  Ill,  x,  155. 

Spontaneous  Generation  of  Plants.     Am.  Agriculturist,  Oct. 

-Estivation  and  its  Terminology.  Am.  J.  Sci.,  Ill,  x,  339-344.  [Trimeu's 
Journ.  Bot.,  xiv,  53-58.] 

Menyaothes  trifoliata ;  Botrychium  simplex,  with  pinnated  divisions  to  the  ster- 
ile frond.     Am.  Nat.,  ix,  468. 

The  Botanic  Garden.    The  Harvard  Book,  i,  313-315. 
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1876. 

Miscellaneous  Botanical  Contribucions.     Proc.  Am.  Acad.,  xi,  71-104. 

Burs  in  the  Borage  Family.     Am.  Nat.,  x,  1-4. 

Plantain.     Am.  Ag^culturalist,  Jan.,  p.  19. 

How  Flowers  are  Fertilized.  American  Agriculturist.  Art  I.  CampanulMor 
Bell  Flowers,  Jan.,  p.  22;  Art.  II.  Compound  Flowers,  Feb.,  p.  62;  Art  E 
Clerodendron  and  Fire-weed,  Apr.,  pp.  142-143;  Art.  17.  Houstonia  and  P*r- 
tridge-berrj,  May,  p.  182;  Art  V.  Dicentra  or  Bleeding-hearts.  June,  p.  HI; 
Art.  VI.  Laurel,  July,  p.  262;  Art.  VII.  False  Indigo  and  Red  Clover,  Aiig.,|. 
303 ;  Art  VIII.  Beans  and  other  Flowers  of  the  Pulse  Family,  Oct.,  pp.  382-3fi; 
Art.  IX.  Ground-nut  or  Apios,  Jan.,  'ISTT,  pp.  22-23;  Art  X.  The  Busy  Bwy 
Feb.,  pp.  62-63;  Art  XI.  The  Good  of  Cross-fertilization,  Mar.,  p.  102;  Art.  IE 
How  Cross-fertilization  benefits,  May,  p.  182;  Art  XIII.  Lady-slippers,  JonfiiP^ 
222-223. 

Chellanthes  Alabamensis;  Dichogamy  in  Epilobium  angustifoliom ;  Dimorpbia 
in  Claytouia.     Am.  Nat.,  x,  43-44. 

Comparative  Zoology,  Structural  and  Systematic.     Nation,  No.  678,  p.  63-6t 

Seeds  that  float  in  water ;  Use  of  the  hydrometric  twisting  of  the  tail  to  tbi 
carpels  of  Erodium.     Am.  J.  Sci,  III,  xi,  157-158. 

Our  Wild  Gooseberries.     Am.  Nat,  x,  270-276. 

Tolmiu3a  Monziesii.     Am.  Nat,  x.  300. 

Botany  of  California.  [Saxifragaceae  and  Gamopetalse  by  Asa  Gray].— Vol  L 
192-208,  277-622. 

Darwiniana:  Essays  and  reviews  pertaining  to  Darwinism.  New  York,  1876. 
8vo.  pp.  396. 

Schoenolirion,  Torr.     Am.  Nat,  x,  426-427,  662-553. 

Anthers  in   Trillium.     Same,  x,  427-428. 

Notes  on  Acnida  [Trimen's  Journ.  Bot,  xiv,  310-312];  Large  Elm;  GaUma 
vulgaris,  the  Ling  or  Heather,  rediscovered  in  Massachusetts.  Am.  Nat,  x, 
487-490. 

Sedum  reflexum,  L.     Am.  Nat,  x,  563. 

N}Tnpbaea  flava,  Leitner.     Am.  J.  Sci.,  Ill,  xi,  416. 

Heteromorphism  In  Kpij^a3a.    Am.  J.  Sci.,  Ill,  xn,  74-76 ;  [Am.  Nat,  x.  49(M91] 

Contributiona  to  the  Botany  of  North  America. —  1.  Characters  of  Canbja  (n. 
gen.)  and  Arctoraecon. — 2.  Characters  of  New  Species,  etc.  Proc.  Am.  Acad. 
XII,  51-84.  with  two  plates. 

Subradical  solitary  Flowers  iu  Scirpus,  Relation  of  Coloration  to  Euvironmem. 
Am.  J.  Sci.,  Ill,  XII,  467. 

1877. 

Date  of  Publication  of  Elliott's  Botanv  of  South  Carolina  and  Georgia.  Am.  J. 
Sci.,  Ill,  XIII,  81,  392. 

Ilomog:one  and  Heterogone  (or  Homogonous  and  Heterogenous)  Flowers.  Am. 
J.  Sci  .  III.  XIII,  82-8.3.     [Am.  Nat.,  xi,  42] 

Notice  of  Darwin  on  the  Kffect.s  of  Cross-  and  Self- Fertilization  iu  the  Vegetable 
Kingdom.     Am.  J.  Sci.,  Ill,  Xili.  125-141. 

Dextrorse  and  Sinistrorse.     Am.  J.  Sci.,  Ill,  xiii,  236-237,  391. 

Fertilization  of  Gentiana  Andrewsii.     Am.  Nat.,  xi,  113, 

On  some  remarkable  specimens  of  Kalmia  hiti/olia,  L.  Proc.  Bost.  Soc.  Nat. 
Hist,  XIX,  75-76;   |Am.  Nat,  xi,  175.] 

Characters  of  some  little-known  or  new  genera  of  plants.  Proc.  Am.  Acad., 
Xll.  159-1(3.'). 

Notes  on  the  History  of  Helianthus  tuberosns,  the  so-called  Jerusalem  Arti- 
choke. By  J  II.  Trnnibull  and  Asa  Gray.  Am.  J.  Sci.,  Ill,  xiii,  347-352;  iir, 
428-429. 

Tlie  Jernsaleni  Artichoke  once  more.  Am.  Agricnlturist,  p.  142.  [Gardeners' 
Chronicle,  n.  ser.,  vii,  472.] 

The  Germination  of  the  >i:enns  Meearrhiza.  Torr.  Am.  J.  Sci.,  HI.  xiv,  21-24; 
[Bot  Gazette,  11,  130-1.-^2.] 

Orchis  rotundifolia,  Pursh.     Am.  J.  Sci.,  Ill,  xiv,  72.     [Am.  Nat,  xi,  431.] 
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Mhanantha  Chinenais,  L.     Am.  J.  Sd.,  Ill,  xiv,  160. 
3axifra(<a  Yirfriniensis.     Am.  Nat,  n,  36B. 
Three-flowered  Sanguinaria.    Am.  Nat.,  xi,  431. 
FertilizatioD  of  BrowaUia  elata.     Proc.  Phil.  Acad.,  xxix,  11-12. 

Z878. 

Plants  May  Thrive  on  a  Meat  Diet     Am.  Agriculturist,  Apr.,  p.  131. 
The  two  wayside  PlaDtains.     Bot  Gaz.,  111,^41-42. 

CoDtributlons  to  the  Botany  of  North  America. — 1.  Elatines  Americansa. — 2. 
wo  New  (Genera  of  Acanthacese. — 3.  New  Astragali — 4.  Miscellanese.  Proc. 
m.  Acad.,  xm,  361-374. 

Synoptical  Flora  of  North  America.  Vol.  11. — Part  I.  Gamopetalae  after 
ompositSB.  New  York,  May,  1878.  Roy.  8",  pp.  viii,  402. — Second  Edition 
inth  Supplement,  etc.,  in  connection  with  vol.  i,  Part  II].  New  York,  January, 
B86.  Roy.  8**,  pp.  viii.  494.  Reissued,  with  corrections,  April.  1888,  as  Smiih- 
mian  Miscellaneous  Collections,  vol.  xxxv. 

Early  Introduction  and  Spread  of  the  Barberry  in  Eastern  New  England.    Am. 
Sci.,  Ill,  XV,  482-483. 

Forest  Geography  and  Archaeology:  a  lecture  delivered  before  the  Harvard 
niversity  Natural  History  Society.  April  18,  1878.  Am.  J.  Sci.,  Ill,  xvi,  85-94, 
)3-196.  [Geographie  et  Archeologie  forestidres  de  T Amerique  du  Nord,  (a  French 
uisUtion  by  Ch.  Naudin.)  Ann.  Sci.  Nat,  VL  vii,  126-163.] 
Classification  of  the  Botanical  Collection  made  during  the  San  Juan  Reconnais- 
ince  of  1877,  in  Colorado  and  New  Mexico.  Annual  Report  of  the  Chief  of 
ngineers  for  1878.  Appendix  SS,  pp.  1833-1840. 
£>me  Western  Plants.     Bot.  Gaz.,  iii,  81. 

Dr.  Newcomb  and  the  Uniformity  of  Nature.  By  a  Country  Reader.  Inde- 
Bndent,  No.  1658,  p.  1.  Letters  on  the  same  subject  in  No.  1555,  p.  16,  and  No. 
S64,  p.  15. 

The  Animal  Poison  of  the  Far  West — "Loco"  or  "Crazy-weed."  Am.  Agri- 
olturist,  Oct,  pp.  380-381. 

Does  Nature  forbid  Providence?  By  "Country  Reader."  Independent,  ttt, 
Fo.  1562,  pp.  1-3. 

What  is  a  Sweet  Potato?    Am.  Agriculturist,  Nov.,  p.  423. 
On  a  form  of  Sctrpus  supinus,  L.    Trimen's  Joum.  Bot.,  xvi,  346. 
Shortia  galacifolia  rediscovered.     Am.  J.  Sci ,  III,  xvi,  483-485.     [Bot.  Gaz., 
r,  106-108.] 

Note  sur  le  Shortia  galicifolia  et  Revision  des  Diapensiac^s.  Ann.  Soi.  Nat 
ot,  VI,  VII,  173-179,  with  plate. 

Didytra.  Dielytra,  Dicentra ;  Sporting  Trillium  grandiflorum.  Bull.  Torr.  Bot. 
lub,  VI,  277-278. 

1879. 

Gerardia  tenuifolia,  Yahl,  var.  asperula.    Bot  Gaz.,  rv,  153. 
Bentham  on  Nomenclature.    Same,  iv,  158-161. 

Notes  upon  "Notes  of  a  Botanical  Excursion  into  North  Carolina"  (by  J.  H. 
edfleld).     Bull.  Torr.  Bot.  Club,  vi,  331-338. 

Epipactis  Uelleborine,  var.  viridens  {E.  viridiflora^  Reichenbach).  a  North 
merican  plant     Bot.  Gaz.,  iv,  206. 

Roots  and  "  Yarbs." — In  the  Mountains  of  North  Carolina.  Am.  Agriculturist, 
3pt,  p.  337-338. 

botanical  Contributions. — 1.  Characters  of  some  new  Species  of  Compositee  in 
le  Mexican  Collection  mflde  by  C.  C.  Parry  and  Edward  Palmer,  chiefly  in  the 
rovinoe  of  San  Louis  Potosi,  in  1878. — 2.  Some  New  North  American  Genera, 
;»ecie8,  etc.     Proc.  Am.  Acad.,  xv,  25-52. 

Pertinacity  and  predominance  of  Weeds.     Am.  Joum.  Sci.,  Ill,  xvni,  161- 167. 
On  the  Self-fertilization  of  Plants.     Bot  Gaz.,  iv,  182-187. 
Who  finds  White  Partridge-berries?    Bot  Gaz  ,  iv,  190. 
Duplicate  Corolla  of  Campanula.    Bot.  Gaz.,  iv,  207. 
Scatia  lerrea  and  Reynosia  latifolia.    Bot.  Gaz.,  rv,  208. 
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Nomenclature  in  Atlantic  U.  S.  Polypetalae.     Bot.  Gaz.,  rv,  210. 

The  beheading  of  flies  by  Mentzelia  ornata ;  The  Dichogamy.of  Bpigelia  M» 
landica ;  The  most  arctic  timber ;  "  Carnivorous  Plants."    Bot  Gaz.,  nr,  2l3-!ll 

The  Gymnospermy  of  Coniferae.     Hot.  Gaz.,  iv,  222-224. 

Yaccinium  macrocarpon,  var.  intermedium ;  Common  and  Troublesome  Waedi 
near  Santa  Barbara,  Cal.     Bot.  Gaz.,  it,  226. 

On  the  Genus  Garberia.     Proc.  Acad.  Philad.,  Ib79,  379-380. 

z88o. 

The  Flora  of  Boston  and  its  vicinity,  and  the  changes  it  has  undergone.  Wit 
sor's  Memorial  History  of  Boston,  i,  17-22  (with  autograph). 

Tennessee  Plants.     Bot.  Gaz.,  y,  3. 

Littorella  and  Schizeea  in  Nova  Scotia.    Bot.  Gaz.,  v,  4.    [Gard.  Chron.,  xm,  4] 

Note  on  trapping  of  moths  or  butterflies  by  certain  plants.     Am.  Nat,  xu,  5(L 

Natural  Science  and  Religion :  Two  Lectures  dehvered  to  the  Theological  Sdxnl 
of  Yale  College.     New  York,  1880.     12",  pp.  111. 

The  Genus  Leaven worthi a ;  Automatic  Movement  of  the  Frond  of  Asplenia! 
Trichomanes.     Bot.  Gaz.,  v,  25-27. 

Flora  of  Kerguelen's  Land.     Bot  Gaz.,  v,  39. 

Notulttj  exigusB.     Bot  Gaz.,  v,  63.  63,  75,  87,  88. 

On  a  point  of  botanical  nomencflature.  Trimen's  Joum.  Bot,  xvm,  186  {bm 
Am.  J.  Sci.,  Ill,  XIX,  420). 

Meanwhile,  what  should  be  done  and  how?    Independent  zxxii,  No.  1652,  p.  I 

Action  of  Light  on  Vegetation.     Am.  J.  Sci ,  III,  xi,  74-76. 

Contributions  to  North  American  Botany. — 1.  Notes  on  some  Compo6ita.~l 
Some  Species  of  Asclepias. — 3.  A  New  Genus  of  Gentianacese. — 4.  MisceUanes 
of  the  North  American  Flora.     Proc.  Am.  Acad.,  xvi,  78-108. 

Mesembrianthemum,  not  MesembryanthemuuL  Trimen's  Joum.  Bot,  xvm,  U3 
(from  Bot  Gaz.,  v,  89). 

Botany  of  the  Black  Hills  of  Dakota.  Report  on  the  Geology  and  Reeourcei 
of  the  Black  Hills  of  Dakota,  by  H.  Newton,  E.  M.,  and  W.  P.  jenney,  E.  M. 
[U.  S.  G.  G.  Survey  R.  M.  R.],  pp.  529-637. 

i88i. 

The  Vegetation  of  the  Rocky  Mountain  Region  and  a  Comparison  with  that  of 
other  Parts  of  the  World.  By  A.  Gray  and  J.  D.  Hooker.  Bull.  U.  S.  Geoi  aod 
Geogr.  Survey  of  the  Territories,  vi,  1-77. 

A  Cliinese  puzzle  by  Liunieus.     Trimen's  Joum.  of  Bot,  xix,  325,  326. 

Review  of  the  North  American  climbing  species  of  Clematis,  with  compound 
leaves  and  thick  or  thickish  erect  sepals.  Curtis's  Botanical  Magazine,  cvii, 
under  plate  6594. 

1882. 

Chrysogonum  Virginianura,  var.  dentatum.     Bot.  Gaz.,  vii,  31-32. 

Gitliopsis.     Bot.  Gaz.,  vii,  40. 

Plucheas.     Bot.  Gaz.,  vii,  45. 

Ranunculus.     Bot.  Gaz..  vii,  47. 

The  Relation  of  Insects  to  Flowers.  The  Contemporary  Review,  xll  59&-609. 
[Eclectic  Maga'/>ine,  xxxv,  732-739.] 

The  citation  of  botanical  authorities.     Trimen's  Journ.  Bot,  xx,  173-174. 

Contributions  to  North  American  Botany. — 1.  Studies  of  Aster  and  Solidago  in 
the  Older  Herbaria. — 2.  Xovitijii  Arizonicae,  etc. ;  Characters  of  the  New  Plants  of 
certain  Recent  Collections,  mainly  in  Arizona  and  adjacent  Districts,  etc.  Proc 
Am.  Acad.,  xvil,  1G3-230. 

Parishella  Californica.     Bot  Gaz.,  vii,  94-95. 

Evolution  versus  Kvangelical  Religion.  Boston  Evening  Transcript,  Sept  13th, 
1882. 

Note  on  the  Musaratic  Chapel  of  the  Cathedral  of  Toledo.  Nation,  No.  884. 
p.  482. 

Mimulus  dentatus,  Nutt ;  Linnaja  borealis.     Bot  Gaz,,  vn,  112. 
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Remarks  concerninjif  the  Flora  of  North  America.  Am.  Joum.  ScL,  III,  xziv, 
21-331.     [Reprinted  in  part  in  Bot.  Qaz.,  vii,  129-136,  139-143.J 

Note  on  the  Lignified  Snake.     Bull.  Torr.  Bot.  Club,  ix,  152. 

Synopsis  of  species  of  Nama.  Godman  ft  Salvin,  Biologia  Central!- Americana ; 
k>tan7,  ii,  360-365. 

1883. 

The  Liguified  Snake  from  Brazil.  Am.  J.  Sci.,  Ill,  txy,  79-81.  [Bot.  Gaz. 
(in  part),  vin,  153-154.] 

Natural  Selection  and  Natural  Theology.  Nature,  zxvu,  291-292,  527-528; 
XXYin,  79. 

Beports  as  Director  of  the  Herbarium  of  Harvard  University.  Annual  Reports 
of  the  President  and  Treasurer,  1882-83,  p.  114-116;  1883-84,  p.  136;  1884-85, 
pi  142-143;   1885-86,  p.  118-119;   1886-87,  p.  123. 

Gonolobus  ShortiL     Bot  Gaz.,  yiii,  191. 

Hibiscus  Moscheutos  and  H.  roseus ;  Stipules  in  Saxif ragacese ;  Vincetoxicum. 
fiot  Gaz.,  vni,  244,  245. 

Gondurango.    Bot  Gaz.,  yiu,  260. 

Lonicera  grata.     Bull.  Torr.  Bot  Club,  x,  94-95;  xi,  76. 

Rhododendron  (Azalea)  Vaseyi.    Bot  Gaz.,  viii,  282. 

Aquilegia  longissima.    Bot.  Gaz..  viii,  295. 

Contributions  to  North  American  Botany. — 1.  Characters  of  New  Compositse, 
trith  Revisions  of  certain  Genera,  and  Critical  Notes. — 2.  Miscellaneous  Genera 
ind  Species.    Proc.  Am.  Acad.,  xix,  1-96. 

Letter  on  publication  of  a  letter  by  Dr.  Torrey,  etc.     Bot.  Gaz.,  viii,  317. 

1884. 

Antlrrhina  prehensilia.     Bot  Gaz.,  ix.  53-54. 

Lonicera  grata.     Bull.  Torr.  Bot.  Club,  xi,  76. 

A  Revision  of  the  North  American  species  of  the  Gtenus  Oxy tropis,  DC.  Proc. 
Am.  Acad.,  xx.  1-7. 

Notes  on  the  Movements  of  the  Audroecium  in  sunflowera.  Proc.  Acad. 
Philad.,  1884,  287-288. 

Synoptical  Flora  of  North  America.  Vol.  i. — Part  II.  Caprifoliacead — Com- 
posite. New  York,  July,  1884:  Roy.  8®,  pp.  474.— Second  Edition  [with  Sup- 
plement, etc.,  in  connection  with  vol.  11,  Part  I].  New  York,  January,  1886. 
Boy.  8°,  pp.  480.  Reissued,  with  corrections,  April,  1888,  as  Smithsonian  Mis- 
oellaneous  Collections,  vol.  xxxv. 

Notes  on  some  North  American  Species  of  Saxifraga.  Proc.  Am.  Acad.,  xx, 
8-12. 

Yeatchia,  nov.  Gen.  Anacardiacearum.     Bull.  Calif.  Acad.,  i,  4-5. 

Gender  of  Names  of  Varieties.     Am.  J.  Sci.,  Ill,  xxvii,  396-398. 

Breweria  minima.     Bot  Gaz.,  ix,  148. 

Hypopitys  or  Hypopithys?     Am.  J.  Sci.,  Ill,  xxviii,  238-239. 

Characteristics  of  the  North  American  Flora :  an  address  to  the  botanists  of  the 
Brit  Assoc,  for  the  Adv.  Sc.  at  Montreal.  Am.  J.  Sci.,  Ill,  xxviii,  323-340;  Rep. 
Brit.  Assoc.,  1885. 

The  name  Trilisa,  Am.  J.  Sci.,  Ill,  xxviii,  402. 

1885. 

The  Sdentiflc  Principles  of  Agriculture.     Science,  v,  76. 

Notes  upon  the  Plants  collected  on  the  Commander  Islands  (Bering  and  Copper 
Islands)  by  Leonard  Stejneger.     Proc.  U.  S.  Nat.  Museum,  vii,  527-529. 

Pine  needles.    Bull.  Torr.  Bot  Club,  xii,  102. 

Contributions  to  the  Botany  of  North  America. — 1.  A  Revision  of  some  Bor- 
ragineous  Genera. — 2.  Notes  on  some  American  Species  of  Utricularia. — 3.  New 
Genera  of  Arizona,  California,  and  their  Mexican  Borders,  and  two  additional 
species  of  Asdepiadacese. — 4.  Gamopetalse  Miscellanese.  Proc.  Am.  Acad.,  xx, 
267-310. 
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The  Monterey  Pine  and  Cjrpress.     Science,  v,  433-434. 
How  to  reach  the  Grand  Oafion.     Science,  y,  516-517. 

Circular  Letter  to  American  Botanists.     Published  separately.  Not.  19, 18t  1^ ; 
Report  of  the  International  Polar  Expedition  to  Point  Barrow,  AUBb.  " 
Lieut.  P.  H.  Ray.]    (Plants.     By  Asa  Gray.    pp.  191-192.) 


«i  *■ 


x886. 


1^ 

Notes  on  Myosurus.     Bull.  Torr.  Bot.  Club,  xin,  1-4. 

Anemone  nudicaulis.    Bot.  Gaz.,  n,  17.  |^~ 

Anemonella  thalictroides,  Spach.     Bot  Gaz.,  xi,  39. 

Contributions  to  American  Botany. — 1.  A  Revision  of  the  NorUi  ka 
Ranunculi. — 2.  Sertum  Chihuahuense. — 3.  Miscellanea.     Proc.  Am.  Aciii,ZB.| 
363-413. 

The  Genus  Asimina.     Bot.  Gaz.,  xi.  161-164.  1^ 

Tiarella  cordifolia.     Bull.  Torr.  Bot.  Club,  xm,  100-101. 

Vancouveria.     Bot,  Gaz.,  xi,  182-183.    . 

Corydolis  aurea  and  its  allies;  The  Arillus  in  Asimina.     Bot  Gaz.,  XL,  ISS-Ui! 

Essay  towards  a  revision  of  Dodecatheon.     Bot  Gaz.,  xi,  231-234. 

Letter  to  the  Botanical  Club  of  the  A.  A.  A.  S.     Bot  Gaz.,  xi,  246-246. 

Memoranda  of  a  revision  of  the  North  American  Violets.     Bot  Gaz.,  n,  S^ 
256,  289-293. 

Ambrosia  bidentata  x  trifida.     Bot  Gaz.,  xi,  338. 

Note  on  Shortia.     Am.  J.  Sd.,  Ill,  xxxn,  473.     [Note  to  Prof.  Sargent's  artidi 
on  Journey  of  Andr^  Michaux.] 

1887. 

The  Genus  Iris.     Bot  Gaz.,  xn,  16-17. 

Delphinium,  an  attempt  to  distinguish  the  North  American  Species.  Bot  Gil. 
HI,  49-64. 

Contributions  to  American  Botany. — 1.  Revision  of  some  Polypetalous  Gcsen 
and  Orders  precursory  to  the  Flora  of  North  America. — 2.  Semim  QiihaahneDfle: 
appendix. — 3.  Miscellanea.     Proc.  Amer.  Acad.,  xxii  270-314. 

Capitalization  of  Botanical  Names.     Amer.  Florist,  ii,  294 

List  of  Plants  collected  by  Dr.  Edward  Palmer  in  the  State  of  Jalisco.  Mexico, 
in  1886  [Gamopetalae  by  Dr.  Asa  Gray].     Proc.  Am.  Acad.,  xxii,  416-446. 

The  Elements  of  Botany  for  Beginners  and  for  Schools  (based  upon  First  Le- 
sons  in  Botany).     New  York,  1887.     8vo,  pp.  226. 

Coptis,  section  Chrysocoptis.     Bot  Gaz.,  xii,  296-297. 

Annotations.  [Nelumbo  Intea  and  Nemacaulis.]  Bull.  Torr.  Bot.  Club.  nr. 
228-229. 

Botanical  Nomenclature.     Britten's  Journal  of  Botany,  xxv,  353-355. 

1888. 

New  or  Rare  Plants.     Bot.  Gaz.,  xiii,  73. 

Contributions  to  American  Botany. — Notes  upon  some  Polypetalous  Genera 
and  Orders.     Proc.  Amer.  Acad.,  ixiii,  223-227. 


II.     Botanical  Notices  and  Book-Keviews. 

1841. 

Botanical  Notices.  W.  Griffith.  Report  on  Tea  Plant  of  Upper  Assam:  M- 
Guillernin,  Report  on  Expedition  to  Brazil  to  obtain  information  on  culture  of  the 
Tea-plant;  Meyen.  Heport  on  Progress  of  Vegetable  Philosophy  for  1837;  Hook- 
er's Jojirnal  of  Boumy:  Honker's  Flora  Boreali- Americana:  Endlicher's  Genera 
Plantarum  ;  Moquin-Tandou,  Eniiraeratio  Cheuopodearum ;  SteudePs  Nomenclator 
Botanicus;  Kunze,  Caricography ;  J.  E.  Bowman,  Fossil  Infusoria  in  En^Und. 
Am.  J.  Sci.,  XL.  165-176. 
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Botanical  Notices.  Horsefield,  fieDoett  and  Brown,  Plantee  Javanicas  Rariores ; 
[ooker's  IcoDes  Plantarum,  part  1 ;  Linn^ea,  vol.  xiii,  nos.  4,  5,  6 ;  Wikstrom,  on 
le  Progreas  of  Botany.     Am.  J.  ScL,  xl,  391-393. 

Botanical  Notices.  William  Darlingrton,  Discourse  on  OramiDeae;  Teschemacher, 
uddress  to  Boston  Natural  History  Society,  May.  1841 ;  A.  de  St.  Hilaire,  Lemons 
e  Botanique;  Endiicher,  Oenera  Plantarum;  B.  T.  Steudel,  Nomenclator  Botani- 
118;  KuDze,  Supplemente  der  Riedgrraser  (Cari(«s)  zu  Schkuhr's  Monographie; 
looker  aud  Arnott's  Botany  of  Capt.  Beechey's  Voyage ;  A.  Moquin-Tandon,  El^- 
leos  de  T^ratologie  Y^getale ;  John  Darby,  Manual  of  Botany,  adapted  to  the 
roductions  of  the  Southern  States.     Am.  J.  Sci..  zli,  365-376. 

Botanical  Notices.  Endiicher,  Enchiridion  Botanicum  exhibens  Classes  et 
»rdines  Plantarum:  Lindloy,  Flora  Medica  and  Elements  of  Botany;  Laura 
ohnson  and  A.  Katon,  Botanical  Teacher  for  North  America ;  Hooker's  Journal 
f  Botany;  Schomburgk,  on  the  IJrari  or  Arrow-poison  of  the  Indians  of  Guiana; 
LFchiv  fiir  Natnrgfeshichte ;  J.  P.  W.  Johnston,  Lectures  on  the  Applications  of 
Chemistry  and  Gr^logy  to  Agriculture.     Am.  J.  Sci.,  XLn,  182-191. 

Botanical  Notices.  H.  E.  Richter,  Caroli  Linntei  Systema,  Qenera,  Species 
lantarum  uno  volumine ;  H.  W.  Buek,  Gtenera,  Species,  et  SyYioriyma  CandoUeana ; 
LuQth,  Enumeratio  Plantarum,  vol.  iii;  Loudon's  Arboretum  et  Fruticetum 
tritannicum  abridged;  Steudel's  Nomenclator  Botanicus,  2d  ed.;  Torrey  ft  Gray's 
l^ra  of  North  America,  vol.  n,  part  2;  Nuttall's  edition  of  Michaux's  Sylva 
Americana.     Am.  J.  Sci.,  xui,  375-37'?. 

X842. 

Botanical  Notices.  New  edition  of  Michaux's  North  American  Sylva ;  Loudon's 
Sncyclopaedia  of  Trees  and  Shrubs;  Ledebour,  Flora  Rossica;  London  Journal  of 
k>tany ;  Eunze,  Supplemente  der  Riedgra^er  (Carices)  zu  Chr.  Schkuhr's  Mono- 
graphic, eic.    Am.  J.  Sci.,  XLUi,  188-189. 

Botanical  Notices.  Ward,  On  the  Growth  of  Plants  in  closely  glazed  cases; 
Sooker's  London  Journal  of  Botany.     Am.  J.  Sci.,  xliii,  383-386. 

Botanical  Notices.  Xuttall,  The  North  American  Sylva:  Choisy,  de  Convolvu- 
aceis  disaertatio  tertia  complectens  Cuscuiarum,  etc. ;  Spring,  Monographie  de  la 
I'amille  des  Lycopodiac^s ;  Endiicher,  Mantissa  Botanica ;  Hooker's  British  Flora. 
im,  J.  Sci.,  XLiv,  194-199. 

1843. 

Botanical  Notices.  Hooker's  Tcones  Plantarum,  vol.  i,  new  series;  Tuckerman, 
Cnumeratio  methodica  Caricum  quarundam;  Flora  Brasiliensis,  fasc.  I.  Am.  J. 
tei..  XLV,  214-218. 

Botanical  Notices.  Notice  of  Botanical  CoUections;  Brand.  Iodine  in  Phanero- 
^mic  Plants  and  Mosses;  Wiegmann  and  Polsdorflf,  Disengagement  of  Carbonic 
kcid  by  the  Roots  of  Plants.     Am.  J.  Sci.,  XLV.  225-227. 

Botanical  Notices.  Wm.  Darlington,  Keliquitu  Baldwiniana);  A.  de  Jussieu, 
)our8  elementaire  de  Botanique;  F.  linger,  Grundzuge  der  Botanik;  O.  W.  Bisch- 
fl,  Lehrbuch  der  Botanik ;  G.  Freseuius,  Grundriss  der  Botanik ;  Buek's  Index 
:eneralis  et  specialis  ad  A.  P.  DeCandolle  Prodromura  Syst.  Nat.  Reg.  Veg.,  etc.; 
iedebour's  Flora  Rossica:  C.  0.  Bal)ington,  Manual  of  British  Botany;  Kunze's 
iupplemente  der  Reidgraser  (Carices)  zur  Schkuhr's  Monographie;  Botanische 
:eilung.     Am.  J.  Sci.,  XLVI.  192-208. 

1844. 

Botanical  Notices.  DeCandolle.  Prodromus,  vol.  viii;  G.  G.  Walpers,  Reper- 
^rium  Botanices  Systematicic ;  C.  S.  Kunth,  Kuumeratio  Plantarum,  etc. ;  End- 
cher.  Mantissa  Botanica:  R.  B.  Hinds  and  'i.  Bentham,  Botany  of  H.  M.  S. 
ulphur  in  1836-42 ;  H.  B.  Fielding  and  G.  Gardiner,  Sertum  Plantarum,  etc.; 
t.  de  Jussieu,  Cours  fil^meritaire  de  Botanique;  II.  F.  Link,  Jahresbericht  fur 
'hysiologische  Botanik,  1841,  and  Anatomia  Plantarum  Iconibus  lUustrata.  Am. 
.  Sci.,  ILVII,  198-205. 
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Botanical  Notices.  J.  D.  Hooker,  Botany  of  the  Antarctic  Voyage  of  H.  M. 
Ships  Erebus  and  Terror  in  1839-43,  and  Species  Filicum.  pans  1  and  2;  E.C 
Maout,  Lemons  Elemeiitaires  de  Botanique;  Martins,  Systema  Mnterise  Medics 
Veg.  Brasilienais.     Am.  J.  Sci.,  XLViii,  204-208. 

1845. 

Botanical  Notices.  A.  Lasegue,  Mus^e  Botanique  Be  M.  B.  Delessert;  De^ 
Candolle's  Prodroraus,  vol.  ixf  and  Th^rie  elementaire  de  la  Botanique.  Am.  J. 
8ci.,  XLix,  171-176. 

1846. 

Review  of  "  Explanations ;  a  sequel  to  the  Vestiges  of  the  Natural  History  d 
Creation."     N.  A.  Review,  April,  1846,  465-506. 

Botanical  Notices.  Vegetable  Physiology ;  Unger,  Distribution  of  the  Vestigw 
of  Palms  in  the  Geological  Formations;  Analogy  between  the  Flora  of  Japan  and 
that  of  the  United  States;  Unger,  Conspectus  of  the  Fossil  Flora.  Am  J.  8cL 
IT,  II,  1.13-136 

Botanical  Notices  D.  J.  Browne,  The  Trees  of  America ;  A.  Henfrey,  Outline! 
of  Structural  and  Physiological  Botany ;  Delessert,  Icones  Selectae  Plantarum,  etc. 
Am.  J.  Sci.,  II,  U,  442-445. 

1847. 

Botanical  Notices.  F.  E.  L.  Fischer  et  C.  A.  Meyer,  Sertum  Petropolitanum, 
etc. ;  Flora  Brasiiiensis,  fasc.  6 ;  Trautvetter,  Plantarum  Imagines  et  DescripdoDee 
Florara  Rnssicarn  Illuatrantes;  Hooker,  Species  Filicum;  S.  Moricand,  Pltntes 
Nouvelles  ou  Rares  d'Amerique,  fasc.  1-8;  Ledebour,  Flora  Rossicaf  fasc  1. 
Am.  J.  Sci.  II.  Ill,  146-148. 

Botanical  Notices.  L.  Agassiz,  Noraenclator  Zoologicus;  Ruprecht,  3  papers 
in  Beitrage  zur  Pflanzenkundo  des  Russischen  Reiches ;  G.  B.  Emerson,  Report 
on  Trees  and  Shrubs  of  Massachusetts;  Bot  Magazine  for  1847.  Am.  J.  Sci., 
II,  III,  302-310. 

1848. 

Botanical  Notices.  DeCandollc's  Prodromus;  Trans.  Linn.  Soc,  xx.  Botanical 
Papers  by  J.  D.  Hooker,  Falconer,  etc.;  E.  Tuckerman,  Synopsis  of  Lichenes  of 
New  Knjiland;  A.  Young.  A  Flora  of  Maine;  Ledebour,  Flora  Rossica,  fasc  8: 
Hooker's  Loudon  Journal  of  Botany,  no.  73.     Am.  J.  Sci.,  II,  v,  449-459. 

1849. 

Botanical  Notices.    A.  DeOandolle,  Prodromus.     Am.  J.  Sci.,  II,  vii,  309-311. 

Botiiuical  Notices.  Fondler's  Botanical  Collections  in  New  Mexico;  Hookers 
Journal  of  Botany,  papers  in  nos.  1,  2,  3;  W.  Griffith,  Posthumous  Papers.  Am. 
J.  Sci..  II,  viT.  'ir)2-454. 

Notice  of  Dr.  Hooker's  Flora  Antarctica.     Am.  J.  Sci.,  II,  viii,  161-180. 

I^otanical  Notices.  IkK'andolle's  Prodromus  Reg.  Veg.s  vol.  xiii ;  T.  G.  Lea, 
Catalogue  of  Plants  near  Cincinnati  collected  in  1834-1844;  A.  de  Jussieu,  £!»*- 
mcnts  of  Botany,  transl.  by  J.  H.  Wilson;  J.  II.  Balfour,  Manual  of  Botany.  Am. 
J.  Sci.,  II,  vill,'300-303. 

1850. 

Memorials  of  John  Bartrara  and  Humphrey  Marshall,  with  notes  of  their  Botani- 
cal Contemporaries,  by  Win.  Darlington.  LL.D.     Am.  J.  Sci.,  II,  ix,  85-105. 

Botanical  Notices.  Kndliclier,  Genera  Plantarum,  part  2,  and  Synopsis  Coni- 
ferarum.     Am.  J.  Sci,  II,  ix,  148-149. 
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i8S2. 

Botanical  Notices.  [In  the  form  of  a  letter  to  one  of  the  Editors.]  DeCan- 
dolle's  Prodroravis ;  Kuuth,  Eoumeratio  Plantarum,  vol.  v ;  Fenzl  and  Endlicher, 
Genera  Plantarum;  Unger,  Die  Urwelt  in  ihreii  Verschiedenen  Bildungsperiod ; 
Martins,  on  Palms;  von  Esenbeck  and  Spinner,  Genera  Florae  Germanicse  Iconibus 
Illustrata;  changes  in  Professorships  in  German  Universities;  Fries,  Summa 
Vegetabil.  Scandinaviae  and  Monograph  of  Hieracium ;  Ledebour,  Flora  Rossica ; 
Webb,  Phytographia  Canariensis;  Weddell,  Monograph  of  Cinchona,  and  Balano- 
phoreaj  vs.  Rafflesiaceae ;  M.  Decaisne  at  Jardin  des  Plantes ;  Botany  of  the  Voyage 
of  the  Bonite  and  the  Astrolabe  and  Zelee ;  Botanists  at  the  Jardin  des  Plantes ; 
M.  C.  Gay,  Kistoria  Fisica  et  Politica  de  Chile ;  Richard,  Botany  in  de  la  Sagra's 
Histoire  Physique,  etc..  of  Cuba ;  Boissier,  Diagnoses  Plantarum  Orientalium  ; 
work  of  Choisy,  Duby,  Godet,  Shuttleworth,  Lehmann.  Blume,  DeVriese,  Dozy, 
Molkenboer,  Hooker,  Babington;  W.  Hooker,  Species  Filicura,  Icones  Plantarum 
and  Victoria  Reg^a;  J.  D.  Hooker,  Rhodendrons  of  Sikkim  Himalaya,  Flora 
•  Indica,  Novae-Zealandiae,  Tasmaniae;  Bentham,  Niger  Flora;  Webb,  Spicilegia 
Gorgonica;  Trans.  Linn.  Soc.  of  London,  xx,  part  3,  Botanical  papers;  Crypto- 
gamic  Botany,  works  by  Kunze,  Gottsche,  Lindenberg  and  von  Esenbeck,  Mdller, 
Gumbel,  Schimper,  Kiibzmg,  Agardh;  Harvey,  Phycologia  Britannica,  Manual  of 
British  Algaj.  etc;  Schaerer's  work  on  Lichens.     Am.  J.  Sci.,  II,  xiii,  42-53. 

Botanical  Notices.  Kunze,  Supplemente  der  Riedgraser  (Carices)  zu  Ohr. 
Schkuhr's  Monographie,  etc.;  Pritzel,  Thesaurus  LiteraturaB  Botanicae;  Flora 
Brasiliensis,  fasc.  10.     Am.  J.  Sci.,  II,  xiii,  424-425. 

Nereis  Boreali- Americana ;  or  Contributions  to  a  History  of  the  Marine  AlgSB 
of  North  America,  by  Wm.' Henry  Harvey,  M.D.     Am.  J.  Sci.,  II,  xrv,  1-8. 

Botanical  Notices.  Juughuhn  and  DeVriese,  The  Camphor-Tree  of  Sumatra; 
W.  Hooker,  Chinese  Rice-Paper  Plant;  H.  W.  Ravenel,  Fungi  Carolinian!  Exsic- 
cati ;  Antonio  Bertoloni,  Miscellanea Botanica,  parts  1-10 ;  A.  Henfrey,  Vegetation 
of  Europe.     Am.  J.  Sci.,  II,  xiv,  113-116. 

Botanical  Notices.  DeCandoIle's  Prodromus,  vol.  xiii.  Am.  J.  Sci.,  II,  xrv, 
291. 

Botanical  Notices.  J.  D.  Hooker,  Botany  of  the  Antarctic  Voyage,  ii,  Flora  of 
New  Zealand ;  Seemann,  Botany  of  the  Voyage  of  the  Herald.  Am.  J.  Sci.,  II, 
XIV,  427,  428. 

1853. 

Botanical  Notices.  J.  G.  Agardh,  Species,  Genera  et  Ordines  Alg^arum,  vol.  I; 
L.  R.  Tulasne,  Monographia  Podostemacearum ;  Seemann,  Botany  of  the  Voyage 
of  the  Herald,  part  2 ;  Walpers,  Ann.  Bot.  Syst.,  tom.  11.  Am.  J.  Sci.,  II,  xv, 
131-133. 

Botanical  Notices.  Mohl,  Gniadzilge  der  Anatomie  and  Physiolog^e  der  Vege- 
tabilischen  Zelle ;  Schacht,  Die  Pflanzenzelle ;  Lindley,  Folia  Orchidacea.  Am.  J. 
Sci.,  n,  XV,  279-280. 

Biotanical  Notices.  Wm.  Darlington,  Flora  Cestrica;  H.  W.  Ravenel,  Fungi 
Carolinian!  Exsiccati :  Lindley 's  Folia  Orchidacea,  parts  2-4 ;  Mohl,  Cellulose  in 
Vegetable  Membranes;  Hoffmann,  Circulation  of  Sap;  Criiger,  obs.  on  certain 
Monocotyledonae  Epigynae;  W.  Hofmeister,  on  Development  of  Zostera;  Wichura, 
Winding  of  Leaves;  HorsOeld,  Plantae  Javanicae  Rariores;  Hooker,  Species 
Filicum,  part  6 ;  N.  B.  Ward,  Growth*  of  Plants  in  tight  cases.  Am.  J.  Sci.,  II, 
XVI,  129-133. 

Botanical  Notices.  Harvey,  Nereis  Boreali- Americana ;  J.  Torrey,  Plantae  Fre- 
montianac,  on  Darlingtonia  Californica,  on  Batis  maritima  of  Linnaeus;  A.  Gray, 
Plantae  Wrightianae  Texano-Neo-Mexicanae,  part  2 ;  J.  Leidy,  Fauna  and  Flora 
within  living  animals;  M.J.  Berkeley  and  M.  A.  Curtis,  ■  Exotic  Fungi  from  the 
Schweinitzian  Herbarium.     Am.  J.  Sci,  II,  xvi,  422-426. 

1854. 

Botanical  Notices.  Salad  for  the  Solitary,  by  an  Epicure;  Lindley,  The  Vege- 
table Kingdom ;  DeCandoUe's  Prodromus.    Am.  J.  Sci.,  II,  xvii,  132-133. 

Introductory  Essay,  in  Dr.  Hooker's  Flora  of  New  Zealand,  vol.  i.  Am.  J. 
Sci.,  U,  xvn,  241-262,  334-350. 
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Botanical  Notices.  E.  G.  Steudel,  Synopsis  Plantarum  Glumacearum,  faecl; 
Lindley's  Folia  Orchidacea,  part  5 ;  A.  de  Jussieu,  Letters  of  Linnaeus  to  B.  de 
Jussieu.     Am.  J.  Sci.,  II,  xvii.  443-444. 

Botanical  Notices.  J.  W.  GriflBth  and  A.  Henfrey.  Micrograpbic  Dictionsry: 
B.  Seeinann,  Botany  of  the  Voyage  of  the  Herald ;  Dr.  Hooker's  Flora  of  Xew 
Zealand,  part  5;  A.  Gray,  Botany  of  Wilkes'  Exped.,  Phanerogamia.  Am.  J. 
Sci.,  II,  xviii.  131-133. 

Botanical  Notices.  Hooker's  Icoues  Plantarum,  vol.  x;  J.  D.  Hooker's  Fkxi 
of  New  2^alatjd,  part  6;  von  Esenbeck  et  al..  Genera  Plantarum  Florae  Ger- 
manicffi,  etc,  Florae  Danicifi  Supplemcnti  fasciculus  I;  Griffith  and  Henfrey,  Mi- 
orographic  Dictionary,  part  2 ;  Linua^a,  vol.  xxvi ;  Bot.  Zeitung  and  Bonplandit; 
Annales  des  Sciences  Naturelles,  etc.,  vol.  xz,  Botanical  papers.  Am.  J.  ScL,  H 
xviii,  284-286. 

Botanical  Notices.  J.  F.  Allen,  Victoria  Regia ;  Miquel,  DeVriese  et  al.,  PUntc 
Junghuhnianae,  fasc.  3:  Steudel,  Sjmopsis  Plantarum  Glumacearum,  fasc.  3; 
Seemann's  Botanv  of  the  Voyage  of  the  Herald,  part  5 ;  DeVriese,  Pandanes. 
Am.  J.  Sci.,  II,  xViii,  428-429. 

1855. 

Botanical  Notices.  Flora  Brasiliensis.  fasc.  12;  Boussingault  on  noo-asHmi- 
lation  of  Nitrogen  by  Plants;  M.  Personne  on  Lupulin;  Hofmeister,  The  Fertiliza- 
tion of  Ferns;  Payer,  Traite  d'Organog^nie  V^g^tale  Compart,  livr.  1-4;  Griffith 
and  Henfrey,  Micrographic  Dictionary,  parts  3-5.     Am.  J.  Sci..  II,  MX,  128-130. 

Botanical  Notices.  Hooker's  Flora  of  New  Zeuland,  parts  7  and  8;  See- 
mann's Botany  of  the  Voyage  of  the  Herald,  part^;  Tulasne,  on  the  Ure- 
dinesB  and  Ustilagineae ;  I.  A.  Lapham,  Grasses  of  Wisconsin ;  H.  G.  Reichenbadi 
De  Polhnis  Orchidearum  (lenesi  ac  Structura,  etc. ;  Micrographic  Dictionaiy  on 
Ergot     Am.  J.  Sci.,  II,  XIX,  439-443. 

Botanical  Noticea  M .  J.  Schleiden,  Poetry  of  the  Vegetable  World ;  DeVriete 
and  Harting,  Monographie  des  Marattiacees ;  Pritzel,  Iconum  Bot  Index  Locuple- 
tissimus ;  J.  J)arby,  Botany  of  the  Southern  States ;  Dunal  et  al.,  Wheat  ftoB 
^gilops.     Am.  J.  ScL,  II,  xx.  129-135. 

Botanical  Notices.  Thuret,  Sexual  reproduction  in  the  Lower  Cryptogamii; 
Trecul.  Formations  Secondaires  dans  les  Cellules  Vegetales;  Mohl  on  ChlorophTll; 
Miers.  Seeds  of  Magnolia;  Bertoloni,  Miscellanea  Botanica,  fasc.  13  and  14; 
Decaisne  on  the  \Vellin>?toniu  of  Lindley;  Darwm,  Does  Sea-water  kill  Seeds? 
Am.  J.  Sci.,  II.  XX,  27G-284. 

1856. 

Botanical  Notices.  A.  DeCandolle,  Geo^raphique  Botaniqiie  Raisonne;  J.  P 
Hooker  aud  T.  Thomson.  Flora  Indica      Am.  J.  Sci.,  II,  xxi,  1M4-137. 

Botanical  Notices.  K.  G.  Steudel.  Synopsis  I'lantarum  Glumacearum,  parts  1 
and  2;  J.  D.  Hooker,  Floni  of  Tasmania;  F.  A  W.  Miquel,  Flora  van  Xeder- 
landsch  Indie;  Uriffith  and  Henfrey,  Micrographic  Dictionary;  A.  Braun,  Alirarum 
Unicelliilarium  (lenera  Nova  et  minus  Cognita.     Am.  J.  Sci.,  II,  xxi,  2S2-284. 

Botanical  Notices.  Journ.  Proc.  Linn.  Soc.  vol.  i,  no.  1,  1856,  Botanical  Papers 
by  ('.  J.  F.  Buiiburv.  C.  F.  Meisner,  R.  Kippist.  and  Zoological  Papers:  Schacht. 
Mold  et  al ,  on  the  Origin  of  the  Embryo  ip  Plants;  Pringsheira,  Heprwinction  in 
Alga.*;   Flora  Brasiliensis.  Insc.  15.     Am.  .1.  Sci.,  II,  xxil,  134-137. 

Botanical  Notices.  A.  DeCandolle,  Geographique  Botauique  raisonn^e.  etc.; 
Radikofer,  Orijfin  of  the  Kmbryo  in  Plants;  Bentham,  Notes  on  LoganiaoKf;  M. 
Neisler,  The  Flowers  of  the  Pea-Nut;  Flora  Brasiliensis,  fasc.  16  and  17;  L  R- 
Tulasne.   Monographia  .Monimiacearum.     Am.  J.  Sci.,  II,  xui.  429-437. 

1857- 

Botanical  Notices.  DeCandolle's  Prodroraus,  xiv,  part  1  ;  W.  A.  Bromfield. 
Flora  Vectensis.  edited  by  W.  J.  Hooker  and  T.  B.  Salter ;  Seemann's  Botany  of 
the  Voyajre  of  the  Herald,  parts  7  and  8  ;  G.  Engelmann,  Synopsis  of  the  Carta- 
cea^  of  the  U.  S.     Am.  J.  Sci.,  II,  xxiii,  126-129. 


21 

t 

Botaaioal  Notices.  A.  Henfrej,  Origin  of  the  Embryo  in  Plants.  Am.  J.  Sci., 
II,  zzin,  278-279. 

Botanical  Notices.  W.  S.  Sullivant  et  L.  Lesquereux,  Musci  Boreali-Americani, 
etc     Am.  J.  Scl,  II,  xuii,  438-439. 

Botanical  Notices.  J.  M.  Berkeley,  Introduction  to  Cryptogamic  Botany ;  II. 
Hoffmann,  Witterung  und  Wachsthura ;  C.  Lehmann.  Revisio  Potentillarum  looni- 
bus  lUustrata :  R.  Caspary,  Conspectus  Systematicus  Hydrillearum ;  Ad.  Chatin, 
on  Vallisneria  spiralis,  L.     Am.  J.  Set.,  II,  xxrv,  151-155. 

Botanical  Notices.  Joum.  of  Proc.  Lion.  Soc,  vol.  i,  no.  4,  Botanical  Papers  by 
Berkeley,  Currey,  Bennett,  Seemann,  Masters,  Lindley,  Oliver;  vol.  u,  no.  5,  con- 
taining Higgins,  on  the  Cultivation  of  Mosses,  Bentham,  Synopsis  of  the  Genus 
jClitoria,  Hooker  and  Thomson,  Prtecursores  ad  Floram  Indicam,  6.  Bentham,  on 
the  Principles  of  Generic  Nomenclature;  C.  Mueller  and  Walpers,  Synopsis 
Plantarum  Phanerogamicarum,  etc.;  Berioloni,  Miscellanea  Botanica,  fasc.  15 
and  16;  Harvey,  Phycologia  Australica;  Niesler,  Indigofera  Caroliniana.  Am.  J. 
Sd.  n,  XXIV,  281-288. 

Botanical  Notices.  A.  Henfrey,  aji  p]lementary  Course  of  Botany;  Naudin's 
Researches  on  the  Gtonus  Cucurbits.     Am.  J.  Sci.,  11,  xxiv,  434-443. 

1858. 

Botanical  Notices.  DeCandoUe's  Prodroraus,  vol.  xiv,  part  2 ;  Hooker's  Flora 
of  Tasmania;  Joum.  Proe.  Linn.  Soc,  no.  6,  papers  by  Thomson,  Hooker 
ft  Thomson ;  DeVriese,  Plantae  Indies  Bataviae  Orientalis.  Am.  J.  Sci.,  11,  xxv, 
290-293. 

Botanical  Notices.  F.  Boott,  Illustrations  of  the  Genus  Carex;  Journ.  Proa 
Linn.  Soc.,  11,  no.  7,  papers  by  Henslow,  Gray,  Wood,  Moore,  etc. ;  Lindley,  List 
of  Orchids  from  Cuba ;  Andersson,  Salices  Boreali- Americans;  Grisebach,  Vege- 
tation der  Earaiben;  J.  Wallman,  Essai  d'une  Ezpoaition  Systematique  de  la 
Famille  des  Charac^s ;  Parlatore's  Eulogy  on  F.  B.  Webb;  Agricultural  Botany 
in  the  Western  States.    Am.  J.  Sci.,  II,  xxvi,  135-139. 

Botanical  Notices.  H.  A.  Weddell,  Monograpbie  de  la  Famille  des  Urtic^s; 
Miquel's  Flora  van  Nederlandsch  Indie;  Walpers,  Ann.  Bot.  Syst.,  2d  fasc.; 
Pringsheim,  Jahrbucher,  vol.  L  part  1,  papers  by  Pringsheim  and  Hofmeister; 
Eadlkofer,  Feoundation  in  the  Vegetable  Kingdom ;  Bowerbank.  Natural  History 
of  the  Spongiadse ;  Seemann's  Botany  of  the  Voyage  of  the  Herald,  parts  9  and 
10;  J.  D.  Hooker,  Structure  aud  Affinities  of  Balanophoreje;  Boussingault,  Re- 
searches on  the  part  of  nitrogenous  matters  in  vegetation,  and  nitrates  in  soils ;  J. 
Decalsne,  Structure  and  Development  of  Flower  and  Fruit  of  Pear.  Am.  J.  Sci., 
II,  XXV,  109-124. 

Botanical  Notices.  Journ.  Proc.  Linn.  Soc.  no.  8.  Botanical  papers  by  Miiller, 
Hooker  and  Thomson,  Barter,  Fee,  Bennett;  Flora  of  Australia.     Am.  J.  Sci.,  II, 

XXVI,  283. 

Botanical  Notices.  Flora  Bra siliensis,  fasc.  18-20;  Journ.  Proc.  Linn.  Soc.,  no  9, 
Jameson  on  Pseudocentrum ;  E.  Tuckerman,  Lichenes  Amerioe  Septeutrionalis 
Exsiccati,  fasc.  5  and  6 ;  Nylander,  Synopsis  Methodica  Lichenum,  etc,  fasc.  1 ; 
Miers,  Illustrations  of  S.  American  Plants,  vol.  11 ;  Bentham,  Handbook  of  the 
British  Flora.    Am.  J.  Sci.,  II,  xxvi,  412-416. 

1859. 

Botanical  Notice?.     W.  H.  Harvey,  Nereis  Boreali-Americana.     Am.  J.  Sci.,  II, 

XXVII,  142-146. 

Botanical  Notices.  Wm.  Darlington.  American  Weeds  and  Useful  Plants; 
Journ.  Proc.  Linn.  Soc,  no.  10,  papers  by  Bentham  on  Legnotideee,  Spruce  on 
Asteranthos,  Miiller  on  Eucalypti  of  Australia,  Berkeley  on  Tuberiform  Vegetable 
Productions  from  China,  Grisebach  on  Abuta,  Dickie  on  Arctic  Plants;  No.  11  of 
do.,  papers  by  Mi]^ller,  Bentliam  and  Henfrey;  Walpers,  Ann.  Bot.  Syst.,  vol.  iv; 
£.  Regel,  on  Parthenogenesis;  L.  Vilmorin,  Notices  sur  T Amelioration  des  Plantes 
par  le  Semis,  etc.     Am.  J.  Sci.,  II,  xxvii,  437-442. 

Botanical  Notices.  Von  Martins,  Eulogy  on  Robert  Brown ;  F.  Mueller,  Frag- 
menta,  Fhytographise  Australire,  vol.  i,  fasc.  1-4;  Journ.  Proc.  Linn.  Soc,  Nov. 
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12th,  papers  by  Henfrey,  Ralph,  Oliver,  Spruce,  Mitten;  R.  B.  Van  d«»r  Boed, 
Synopsis  Hymenophyilacearum;  Parry,  Torrey  and  Bngelmann,  Botany  of  the 
Mexican  Boundary;  Catalogue  of  Phsenogamous  and  Cryptogamous  FlanU  is 
Gray's  Manual.     Am.  J.  ScL,  II,  xxvni,  290-293. 

Botanical  Notices.  G.  Engelmann,  New  Genera  of  Dioecious  Grasses  of  U.  S.; 
"W.  H.  Harvey,  Thesaurus  Capensis.  vol.  i;  Grisebach's  Outlines  of  Systematic 
Botany ;  Henfrey,  Structure  and  Growth  of  Rootlets ;  E.  Davy,  on  the  taking  of 
arsenic  by  plants.     Am.  J.  Sci.,  II,  xxvm,  439-444. 

i860. 

Botanical  Notices.  C.  Wright,  Collections  of  Cuban  Plants ;  G.  Engelmann,  Uu 
Genus  Cuscuta ;  J.  G.  Cooper,  Distribution  of  the  Forests  and  Trees  of  N.  America. 
Am.  J.  Sci.,  II,  XXIX,  127-129. 

Review  of  Darwin's  Theory  on  the  Origin  of  Species  by  means  of  Natural  Seleo 
tion.  Am.  J.  Sci..  II,  xxix,  15:^-184.  [The  Origin  of  Species  by  means  of  Nat- 
ural Selection.     Darwiniana,  pp.  9-61.] 

Botanical  Notices,  C.  J.  Maximowicz,  Primitiae  Florae  Amurensis;  Harvey's 
Thesaurus  Capensis,  no.  2 ;  Hooker's  Species  Filicum.  vol.  in,  part  1 ;  Journ. 
Proc.  Linn.  Soc,  no.  14,  Botanical  Papers  by  Andersson  and  Spruce;  No.  15  of 
do.,  papers  by  Cock-s  Hooker  and  Thomson;  No.  16  of  do.,  papers  by  Babington, 
Caruel,  Oliver,  Spruce.  Moore  and  Hogg;  Flora  Brasilicnsis,  fasc  18,  23,  and 
24;  J.  D.  Hooker's  Flora  Tasmania;  Ogston,  Poisoning  of  Plants  by  arsenic 
Am.  J.  Sci.,  II,  XXIX.  436-441. 

A  free  examiuaiion  of  Darwin's  Treatise  on  the  Origin  of  Species.  Atlantic 
Monthly,  July,  Aug.,  Oct..  1860.  Reprinted  in  1861  as  a  separate  pamphlet  of 
55  pages.  [Natural  Selection  not  inconsistent  with  Natural  Theology.  Darwin- 
iana, pp.  87-177.] 

Botanical  Notices.  A.  W.  Chapman,  Flora  of  the  Southern  United  States;  G. 
Benthara,  Synopsis  of  Dalbergieaa;  G.  Suckley  and  J.  G.  Cooper,  Reports  on 
Natural  History,  etc.,  of  Minnesota,  Nebraska,  Washington  and  Oregon  Territories 
Am.  J.  Sci.,  II,  XXX,  137-139. 

Botanical  Notices.  M.  A.  Curtis,  Geological  and  Natural  History  Survey  of 
North  Carolii:a;  Thwaites.  Enuraeratio  Piantarum  Zeylauicje,  parts  1  and  2; 
"Walpers,  .\i)n.  Bot.  Svst. :  Buck,  Index  ad  DcCand.  Prodromuni,  etc.,  part  3. 
Am.  J.  Sci.,  II,  XXX,  275-276. 

1861. 

Botanical  Notices.  W.  H.  Harvey,  Thesaurus  Capensis,  no.  4;  W.  H.  Harvey 
and  0.  W.  Sonder.  Flora  Capen.sis,  vol.  1;  A.  H.  R.  Grisebach,  Flora  of  the  British 
West  Indies,  parts  1  and  2,  and  Plantic  Wrightiana^  e  Cuba  Orientali;  D.  C. 
Eaton.  Filices  Wrightianje  et  Fendlerianse ;  T.  J.  Hale,  Additions  to  Flora  of 
Wisconsin ;  J.  S.  Newberry.  Catalogue  of  Flowering  Plants  and  Ferns  of  Ohio; 
E.  W.  Hervey,  Catalogue  of  Plants  of  New  Bedford,  Mass. ;  E.  Tatnall.  Catalogue 
of  Phienogamou.s  and  Filicoid  Plant.s  of  Newcastle  Co.,  Delaware ;  H.  W.  Ravenel. 
Fungi  Caroliniaui  Exsiccati,  fasc.  1-5;  A.  Braun,  Uber  Polyembryonie  uud 
Keimunp  von  Ciclebogvne ;  F.  Boott.  Illustrations  of  the  Genus  Carei.  Am.  J. 
Sci..  IF,  XXXI.  128-132" 

Botanical  Notices  L.  Lesquereux.  Botanical  and  Palaeontological  Report  on 
the  Geol.  State  Survey  of  Arkansas.     Am.  J.  Sci.,  IF,  xxxi,  431-435. 

Botanical  Notice.'*.  Journ.  Proc.  Linn.  Sc>c.,  no.  18.  papers  by  Benthara. 
Crocker,  Hooker.  Mitten,  etc.;  J.  Phillips,  Life  on  the  Earth,  its  Origin  and  Sue- 
cession;  C.  R.  Bree,  Species  not  transmutable  nor  the  Result  of  Secondary  Causes. 
Am.  .r.  Sci.,  FI,  XXXI.  4J3-449. 

Botanical  Notices.  G.  Bentham.  Flora  Honjrkongensis;  Ann.  Bot  Soc.  Cana^la, 
vol.  I,  part  1.  papers  by  Blackie  and  others;  Journ.  Proc.  Linn,  Soc.,  no.  19. 
papers  by  Mitten,  Hooker  and  Thomson;  A.  Wood,  Class-Book  of  Botany.  Am. 
J.  Sci.,  n,  XXXII,  124-130. 

Botanical  Notices.  Flora  Brasiliensis,  fasc.  25-28 ;  H.  Karsten,  Flora?  C-olum- 
biae,  etc..  torn.  i.  fasc.  1 ;  Journ.  Proc.  Linn.  Soc,  no.  20,  papers  by  Hooker  and 
Thomson,  Welwimch,  Oliver,  Benthara.     Am.  J.  Sci.,  II,  xxxii,  289-290. 
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1 862. 

Botanical  Notices.  H.  A.  WeddelL  Memoire  8ur  le  Cynomorium  coccioeum, 
•etc.;  E.  Kegel,  Monograpbia  Betulacearum  hucusque  cognitarum;  Muller,  Aon. 
Bot.  Syst.,  vols.  IV,  v  and  vi;  F.  A.  W.  Miquel,  Journal  de  Botanique  Neerland- 
aise;  E.  G.  Squier.  Tropical  Fibres;  A.  Gray,  Mexican  Boundary  Carices;  Musci 
Oubenses  Wrightiani.  coll.  1856-1858;  C.  C.  Parry,  Rocky  Mountain  Flora; 
Aroideae  by  Dr.  Schott;  Journ.  Proc.  Linn.  Soc.,  no.  21,  Botanical  Papers  by 
Hooker,  Masters,  Col.  Munro  and  others.     Am.  J.  Sci.,  U,  xxxiu,  139-143. 

Botanical  Notices.  DeCandolle's  Prodromus,  vol.  xv,  part  1 ;  F.  Boott,  Dlus- 
trations  of  the  Genus  Carex;  Thwaites,  £nunieratio  Plantarum  Zeylani^.  part 
3;  Ann.  Bot.  Soc.  Canada,  part  3.     Am.  J.  Sci.,  11,  xxxiii,  430-432. 

Botanical  Notices.  C.  Darwin,  on  the  Various  Contrivances  by  which  Orchids 
are  fertilized ;  J.  D.  Hooker,  Outlines  of  the  Distribution  of  Arctic  Plants,  and  on 
the  Cedars  of  Lebanon,  Taurus,  Algeria  and  India;  Weddell's  Chloris  Andina, 
ToL  n.     Am.  J.  Sci.,  II,  xxxiv,  138-151. 

Aotherology ;  Review  of  Oliver's  "  Note  on  the  Structure  of  the  Anther."  Am. 
J'oum.  Sci.,  II,  xxxrv,  282-284. 

Botanical  Notices.  Oliver,  on  the  Wood-cells  of  Hamamelideas ;  Joum.  Proc. 
Linn.  Soc.,  nos.  22,  23,  papers  by  Munro,  Bentham,  C.  Darwin,  Lindley  and 
Grisebach;  Bentham's  Presidential  Address  to  the  Li nnean  Society,  May,  1862; 
Botany  of  Northeastern  Asia ;  C.  DeCandoUe.  on  the  Production  of  Cork ;  Flora 
Brasiliensis,  fasc  29  and  30 ;  Grisebach,  Flora  of  the  British  West  Indian  Islands, 
parts  iv  and  v.     Am.  J.  Sci.,  II,  xxxiv.  284-288. 

Botanical  Notices.  C.  Darwin,  Dimorphism  in  the  Genitalia  of  Flowers.  Am. 
J.  Sci.,  II.  xxxiv,  419-420;  Seeraann's  Joum.  Bot.,  i.  147-149  (with  corrections). 

1863. 

Memoires  et  Souvenirs  de  Augustin-Pyramus  DeCandoUe,  Kcrits  par  luimSme  et 
Publides  par  Son  Fils.  Am.  J.  Sci.,  II,  xxxv,  1-16;  Seemann's  Journ.  Bot.,  i, 
107-120  (abridged,  with  corrections  by  the  author). 

Notice  of  BoussingaulC  "  On  the  Nature  of  the  Gas  produced  from  the  Decom- 
position of  Carbonic  Acid  by  Leaves  exposed  to  the  Light."  Am.  J.  Sci.,  II,  xxxv, 
121-123. 

Botanical  Notices.  Bentham  and  Hooker's  Genera  Plantarum,  ¥ol.  i,  pars  1 ; 
Hooker's  Species  Filicura,  parts  13,  14.     Am.  J.  Sci,  II,  xxxv,  134-136. 

Botanical  Notices.  A  new  character  in  the  Fruit  of  Oaks.  DeCandoUe;  Review 
of  DeCandolle's  "  Species,  considered  as  to  Variation,  Geographical  Distribution 
and  Succession";  Harvey  and  Sonder's  Flora  Capensis,  vol.  11 ;  I'Abb^  Provan- 
cher's  Flore  Canadienne;  The  Tendrils  of  the  Virginia  Creeper:  Durand's  Vites 
Boreali-AmericanaQ ;  Vegetable  Productions  of  the  Feejee  Islands ;  Gray's  Manual. 
Am.  J.  Sci.,  11,  xxxv,  430-449. 

Botanical  Notices.  Notice  of  Trans.  St.  Louis  Acad.,  voL  11,  part  1 ;  Hall  and 
Harbour's  Rocky  Mountain  Plants;  PauUinia  sorbUis  and  its  products:  Aerial 
rootlets  on  the  stems  of  Virginia  Creeper  ( Ampelopsis  quinquefolia) ;  Flora  BrasUi- 
ensia,  fasc.  31,  32  (note);  Dr.  0.  W.  Short;  Wm.  Darlington.  Am.  J.  Sci.,  II, 
ixxvi,  128-139. 

Botanical  Notices.  Dimorphism  in  the  Flowers  of  Linura,  Review  of  a  paper 
by  Darwin;  Variation  and  Mimetic  Analogy  in  Lepidoptera;  Bentham  and  Mul- 
ler's  Flora  Australiensis;  Oliver's  Notes  on  the  Loraothaceae,  with  a  Synopsis 
of  the  Genera;  Parthenogenesis  in  Plants.     Am.  J.  Sci.,  II,  xxxvi,  279-294. 

Botanical  Notices.  Origin  of  Varieties  in  Plants;  Review  of  Memoirs  et  Souve- 
nirs de  Augustin  Pyramus  DeCandoUe ;  Hooker  on  Welwitschia,  a  new  genus  of 
Gnetaceae;  American  Tea-Plant.     Am.  J.  Sci.,  II,  xxxvi,  432-439. 

1864.  \ 

Botanical  Notices.  Annales  Musei  Botanici  Lngduno-Batavi  for  1863;  Flora 
Brasiliensis,  fasc.  33-35 ;  Atfardh's  Species  Genera  et  Ordines  Algarum  ;  Harvey's 
Phycologia  Australica  and  Thesaurus  Capensis,  vol.  11,  no.  1 ;  MuUer's,  The  Plants 
indigenous  to  the  Colony  of  Victoria;  Brunet's  Plantes  de  Michaux;  Botany  of 
N.  W.  America  along  the  British  Boundary;  Ink-Plant  (Coriaria  thymifolia). 
Am.  J.  Sci.,  II,  XXXVII,  281-288. 
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Botanical  Notices.  Prior's  Popular  Names  of  British  Plants;  Saint  Pierre's 
Flore  des  Environs  de  Paris;  Vilmorin-Andrieux's  Des  Fleurs  de  Pleine  Tetw; 
Kindber^'s  Monogprapbie  Gleneris  Lepigonorum  ;  Andereson's  Botanj  of  the  Gal^ 
pagos  Islands;  Tuckerman's  Lichenes  Insuls  Cubffi.  Am.  J.  ScL,  II.  xxxm, 
433-436. 

Botanical  Notices.  Olivier's  (Henslow's)  Lessons  in  Rlementaiy  Botanr; 
Gothe's  Kssay  on  the  Metamorphosis  of  Plants;  Milde's  EquisetaceaB ;  Brown oo 
Marsilia  and  Pilularia.     Am.  J.  Sci ,  II.  xxxviii,  124-127. 

Botanical  Notices.  DeCandoUe's  Prodromus;  Mitten's  Bryology  of  Brin^ 
N.  W.  America ;  Sullivant's  Icones  Muscorum.    Am.  J.  Sci.,  II.  xxivm,  290-291. 

Botanical  Notices.    Sullivant's  loonea  Muscorum.     Am.  J.  Sci.,  II,  irxvni,  429. 

i8«s.       . 

Botanical  Notices.  Scott's  Functions  and  Structure  of  the  Reproductive  Organs 
in  the  Primulacese;  Mobl's  Observationb  upon  Dimorphous  Flowers;  Naudin  aod 
Godron's  Essays  on  Hybrids;  Grisebach's  Flora  of  the  British  West  Indiao 
Islands;  Bentham's  Florula  A ustrahensis.     Am.  J.  Sci.,  II,  xxxiz,  101-110. 

Botanical  Notices,  DeCandoUe's  Prodromus.  vol.  xvi,  part  1 ;  Hooker's  Hand- 
book of  the  New  Zealand  Flora,  part  1 ;  Flora  Brasiliensis.  fasc.  3t>-38 ;  Joufb. 
Linn.  Soc,  no.  31,  articles  on  Dimorphism  and  Trimorphism  of  Plants.  Am.  J. 
Sci..  J  I,  XXXIX,  359-362. 

Botanical  Notices.  Thwaites'  Enumeratio  Plantanim  Zeylanise:  Harvey  and 
Sender's  Flora  Capeiisis,  vol.  ill;  Dr.  Torrey.  Ammobroma  Sonone;  Marvey's 
Thesaurus  Capensis;  Annales  Botanices  Systematicse.  torn,  vi;  Child's  Production 
of  Organisms  in  closed  vess^s.     Am.  J.  Scj..  II,  XL.  125-127. 

Botanical  Notices.  Welwitschia  mirabilis,  Hook.  fil. ;  Darwin's  Movements 
and  Habits  of  Climbing  Plants.     Am.  J.  Sci.,  II,  xu  273-282. 

1 866. 

Botanical  Notices.  Darwin's  Movements  and  Habits  of  Climbing  Plants; 
Paine's  (.'atalopuc  of  Plants  found  in  Oneida  County  (New  York]  and  viciLitr; 
BiMitham  and  Rocker's  Cionera   Pluntarum.  part  2.     Am.  J.  Sci..  II.  XLi.  125-131 

Botanical  Notices.  Daubeny's  Essay  on  the  Trees  and  Shrubs  of  the  Ancients, 
Am.  J.  Sci..  II,  XLI.  2(58. 

Botanical  Notices.  Benthara'.s  Address  on  Natural  History  Transaction?  and 
Journals;  Flora  Brasiliensis,  fasc.  39,  40;  Kichler  on  the  Morphology  of  the 
Andrci'cium  in  Fumariacea:' ;  Seeraann's  Flora  Vitiensis;  Botany  of  Australia: 
Miiiler's  Analytical  Drawings  of  Australian  Mosses,  fasc.  1 ;  MuUer's  Vegetation 
of  tho  Chatham  Islands;  Bungc's  Revision  of  the  genus  Cousinia;  Krok.  Monc»- 
graph  of  Valerianjc;  .Musci  Boreali-Americani.  Sullivant  and  Lesqiiereux.  \m. 
J.  Sci.,  II,  XLI.  410-418. 

Botanic<al  Notices.  Boussingaiili's  Researches  on  ihe  action  of  Foliage:  Engel- 
maiin's  Revision  of  the  North  Ainericau  Species  of  Juncus;  Lessiugia  germano- 
riini:  Curtis'  Illustrations  of  tlie  Esculent  Fungi  of  the  U.  S  ;  The  International 
Horticultural  Exhi»)ition.     Am.  J.  Sci..  II.  xi.n,  120-1.32. 

Botanical  Notices.  Fournieron  Cruciferic;  Salisbury's  Genera  of  Plants:  Grav's 
Hand-hook  of  British  Water-weeds  or  .\lgte.     Am.  J.  Sci.,  II.  XLH,  277-281. 

Botanical  Notices.  DeCandoUe's  Prodromus.  vol.  xv :  E.  Boisaier,  Icones 
Eiiphorbiaruin.     Am.  J.  Sci  ,  II,  XLil,  427. 

1867. 

Botanical  Notices.  The  Miscellaneous  Botanical  Works  of  Robert  Brown:  J. 
Mueller  on  Nature  of  Anthers;  Memoire  sur  la  Famille  des  Pcperacees  by  Pe- 
Candolle.     Am.  .1.  Sci..  II.  xi.rn,  125-128. 

Bof^mical  Notices.  Salices  Europa'a*.  Wimmer  ;  Le  Specie  dei  Cotoni  descritte 
(la  Filippo  Parlatore;  Tree-labels  for  arboretum;  Ozone  produced  by  Plants. 
Dauheny's  article  in  Jouru.  Chem.  Soc.     Am.  J.  Sci.,  II,  XLili,  272-273. 
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Botanical  Notioea.    Grisebach's  Catalogus  Plantarum  Cubensium;  Flora  Aus 
raliensis,  vol.  m.     Am.  J.  Sci.,  II,  xliii,  409-410. 

Botanical  Notices.  E.  Boissier,  Flora  Orien talis;  Catalogue  des  Y^g^taux 
^igneux  du  Canada,  by  TAbbe  Brunet:  Rep.  of  Proceedings  of  the  Interna- 
ional  Horticultural  Kxhibition,  1866:  Collections  of  DKed  Plants  of  California. 
Lna.  J.  Sci.,  II,  XLir,  122-123. 

Botanical  Notices.  X.  J.  Aodersson,  Monographia  Salicum ;  Flora  Brasilieosis, 
asc.  42  aotl  43 ;  DeCaodolIe.  Lois  de  la  Nomenclature ;  Miquel,  Sur  les  Affinities 
le  la  Flora  du  Jdpan  avec  oelles  de  i'Asie  et  de  TAmerique  du  Nord;  Tall  Trees 
n  Australia;  Report  on  destruction  of  Trees  in  Wisconsin,  by  I.  A.  I^apham 
md  others;  Annales  Musci  Botanici  Lugduni  Baiavi,  torn,  i-iir,  fasc.  4.  Am.  J. 
5ci.,  II,  XLIV,  420-426. 

1868. 

Review  of  Darwin's  Yariation  of  Animals  and  Plants  under  Domestication. 
JJation,  No.  142,  pp.  234-236. 

Botanical  Notices.  Miocene  Flora  of  the  Polar  Regions ;  Les  Fleurs  de  Pleine 
Terre,  2«™«  6d.;  The  Great  Dragon  Tree  of  Orotava.  Teneriffe;  Geol.  and  Nat. 
-list.  Survey  of  California,  Part  III,  Botany;  Bentham  and  Hooker's  Genera 
?lantarum :  Boott's  Illustrations  of  the  genus  Carex.  Am.  J.  Sci ,  II,  zly, 
J69-272. 

Botanical  Notices.  F.  A.  G.  Miquel,  Prolusio  Florae  Japonicse ;  Genera  Planta- 
*nm,  vol.  I;  Traits  General  de  Botanique  descriptive  et  analytique,  LeMaout  and 
Decaisoe;  Gray's  Manual,  fifth  edition.     Am.  J.  Sci.,  II,  xlv,  403-409. 

Botanical  Notices.  The  Book  of  Evergreens,  by  Josiah  Hoopes;  Botanical 
V\^orks  of  Robert  Brown ;  Journ.  Linn.  Soc.,  Botany,  nos.  42  and  43 ;  Th^orie  de 
la  Feuille,  by  C.  DeCandolle.     Am.  J.  Sci.,  II,  xlvi,  270-272. 

Botanical  Notices.  Flora  Brasiliensis,  DeCandoUe's  Prodromus,  etc.  Am.  J. 
ScL,  II,  XLVI,  408-409. 

1869. 

Botanical  Notices.  J.  F.  Watson's  Index  to  the  Native  and  Scientific  Names 
L>f  Indian  Plants,  etc.     Am.  J.  Sci.,  II,  XLVii,  143. 

1870. 

Botanical  Notices.  Botanical  Notabilia.  Bentham 's  Presidential  Address, 
[Areas  of  Preservation,  Am.  Naturalist,  iv,  44] ;  Robert  Brown's  Works;  Master's 
Yegetable  Teratology;  Memoir  of  Harvey;  Genera  of  South  African  Plants; 
Flora  Australiensis ;  Oliver's  Flora  of  Tropical  Africa,  and  First  Book  of  Indian 
Botany;  Seemann's  Flora  Yitiensis;  Baker  on  the  Geographical  Distribution  of 
Ferns;  Hooker's  Icones  Plantarum:  Mitten's  Musci  Austr-Americani  in  vol.  xii 
Journ.  Linn.  Soc;  Andersson  on  Palms;  Munro's  Monograph  of  Bambusa- 
cesB ;  Appendix  to  French  edition  of  Darwin's  Fertilization  of  Orchids ;  Baillon's 
Adansonia  and  Traite  du  Development  do  la  Fleur  et  du  Fruit :  Bureau's  Mouo- 
graphie  dea  Bignoniacees ;  DeCandoUe's  Prodromus,  vol.  xvi;  Flora  Danica,  47th 
part ;  (Ersted  on  Classification  of  Oaks ;  Lange  on  the  Pyroleee  and  Monotropese 
of  Mexico  and  Central  America ;  Bunge's  Monograph  of  the  AHtragali  of  the  Old 
World;  Ammobroma  Sonorse ;  Braun's  Monograph  of  Australian  Isoetes ;  Pritzel's 
Iconum  Botanicarum  Index  Locupletissimus :  Flora  Brasiliensis.  fasc.  44-46; 
Rudolph's  Atlas  des  Pfianzengeographie :  Pursh's  Journal  of  a  -Botanical  Excur- 
§ion  in  N.  Y.  m  1807.     Am.  J.  Sci,  II,  XLix,  120-129. 

Botanical  Notices.  Johnson's  How  Crops  Feed;  Flora  Brasiliensis,  fasc.  48; 
Dickson  on  Development  of  Flower  of  Pingnicuia;  Geographical  Handbook  of 
Ferns  by  K.  M.  Lyell;  Bulletin  of  Torrey  Botanical  Club,  nos.  1  and  2;  Notes 
relating  to  Yegetable  Physiology,  etc.     Am.  J.  Sci.,  II,  xlix,  403-410. 

Botanical  Notices.  "  Miscellaneous  Botanical  Notices  and  Observations."  De- 
CandoUe's Code  of  Botanical  Nomenclature;  Baillon's  Histoire  des  Plantes; 
Bincks  on  the  Arrangement  and  Nomenclature  of  Ferns;  Bennett  on  the  Genus 
BTydrolea ;  Tampico  Jalap ;  Prof.  Babington's  Revision  of  the  Flora  of  Iceland ; 
3r.  Ogle  on  Fertilization  of  Flowers  by  Insects;  Brunei's  Elements  de  Botanique ; 
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Von  Martius'  Herbarium;  The  Michaux  Grove  Oaks;  Bceckeler  on  Scirpee; 
Bunpje's  Genesis  Astragali  Species  Gerontogere  pars  altera ;  Flora  Caucasi,  by  Re- 
precht;  Bentham's  Presidential  Address;  Hooker's  Student's  Flora  of  the  Britifib 
Islands;  The  "American  Entomologist."     Am.  J.  Sci.,  II,  l,  274-283. 

Botanical  Notices.  Prof.  Lawson  on  Oxford  Botanists;  Hasskarrs  Monograpb 
of  Indian  Commelynaceae ;  Revision  of  the  Genera  and  Species  of  Herbaoeoui 
Capsular,  Gamophyllous  LiliaceaB,  by  J.  G.  Baker;  Clarke  on  CommelTnaces of 
Bengal;  Dickie's  Notes  on  Algaj  from  North  Atlantic  Ocean ;  Absorptiota  of  Mois- 
ture by  Leaves;  Henfrey's  Elementary  Course  of  Botany.  Am.  J.  Sci.,  II,  i, 
425-429. 

1871. 

Botanical  Notices.  Hohenbiihel-Heufler  on  the  Linnjean  Hypothesis  of  the 
Derivation  of  Species;  Lawson's  Monograph  of  Canadian  Hanunculacese ;  (Ersted 
on  characters  furnished  by  the  styles  in  Cupuliferae  and  Juglande^.  etc.  Am.  J. 
Sci.,  III.  I,  147-14y. 

Botanical  Notices.  Rhododendreai  Asiae  Orientalis,  by  Maximowicz;  Flora 
Australiensis,  vol.  v ;  Braun's  revision  of  Marsilire  and  Pilulariie.  Am.  J.  Sd, 
ni,  I,  222-223. 

Botanical  Notices.  Von  Mohl  on  Sciadopitys  verticillata ;  Austin's  Musci 
Appalachian^     Am  J.  Sci.,  III.  i,  .300-307. 

Botanical  Notices.  Flora  Brasiliensis,  fasc.  50;  Prior's  Popular  Names  of 
British  Plants,  2d  ed. ;  Vilmorin-Andrieux,  Les  Fleurs  de  Pleine  Terre,  3d  e<L: 
Baker's  Synopsis  of  Known  Lilies;  Hiern  on  the  Distribution  of  Batmcfaium 
Section  of  Ranunculus ;  E.  S.  Rand  on  the  Rhododendron  and  American  Plants. 
Am.  J.  Sci.,  Ill,  I,  475-476. 

Botanical  Notices.  Maximowicz  on  Diapensiacese ;  Lange  on  Form  and  Strac- 
ture  of  Seeds.     Am.  J.  Sci.,  Ill,  ii,  62-63. 

Botanical  Notices.  Bretschneider  on  Chinese  Botany;  Goeppert  on*  Plants 
killed  by  Frost.     Am.  J.  Sci.,  Ill,  11,  221-222. 

Botanical  Notices.  Flora  Brasiliensis,  fasc.  51-54;  Baillon's  Histoire  des 
Plants;  Borodin  on  changes  in  position  of  grains  of  Chlorophyll  under  Sunlight: 
Deht'rain  on  Evaporation  of  Water,  etc.     Am.  J.  Sci.,  Ill,  ii,  460-465. 

Darwin's  Descent  of  Man.     Examiner,  vol.  i,  594-600. 

1872. 

Botanical  Notices.  Friderici  Welwitschii  Sertum  Angolonse;  Hooker's  Icones 
Plantarum,  III,  part  1  ;  Van  Tiephem  on  the  Structure  of  the  Pistil  in  Primulac^p, 
on  the  Anatomy  of  the  Flower  of  Santalaceai,  on  Comparative  Anatomy  of  Cyca- 
dacere,  Conifenu  and  Gnetaceie,  on  the  Mistletoe;  Botany  of  Clarence  Kinz's 
Survey;  Oliver's  Flora  of  Tropical  Africa,  vol.  11 :  Heer,  Flora  Fossilis  Arctk^ 
Am.  J.  Sci.,  Ill,  III.  58-64. 

Botanical  Notices.  Miers,  Contributions  to  Botany;  S.  Watson.  Botany  of 
Clarence  King's  Survey;  Hall,  Plants  of  Oregon  ;  Saunders'  Refugium  Botanicum: 
Warminsr,  Inflorescence  or  Flower  in  Euphorbia.     .\m.  J.  Sci..  Ill,  iir,  147-152. 

Botanical  Notices.  Scheutz,  Prodromus  Monographia?  Georum;  Baillon,  His- 
toire des  Plantcs.     Am.  J.  Sci.,  Ill,  lli,  306-308. 

Botanical  Notice.'*.  Bentliam.  Revision  of  the  genus  Cassia ;  Delpino,  on  the 
Fertilization  of  Oouiferjc;  J.  Miiller,  on  the  Cvathiiim  of  Euphorbia;  Maximowicz, 
Action  of  Pollen  on  Fruit  of  Fertilized  Plant;  Grisebach,  Die  Vegetation  der  Erde 
nach  ilirer  Klimatischen  Anordnung;  correction  to  Note  on  Baptlsia.  Am.  J. 
Sci..  Ill,  III,  376-381. 

Botanical  Notices.  Cailletet  on  Absorption  of  Water  by  Leaves;  change  of 
Habit  of  a  Parasite;  l*eck\s  report  on  Botany  before  Albany  Institute;  Coi^ke, 
Hand-book  of  British  Fungi;  News  of  BoUinists ;  Journal  of  Botanv;  Fossil  Flora 
of  Great  Britain;   "The  Garden."     Am.  J.  Sci..  Ill,  in,  472-^76. 

Botanical  Notices.  Marc  Miclieli,  Recent  Researches  in  Vegetable  Physiologr; 
M.  T.  Masters,  Botanv  for  Beginners;  C.  F.  Austin,  Mu.sci  Appalachiani.  Am.  J- 
Sci.,  Ill,  IV,  72-77. 
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Professor  Babington  on  Anacharis.     Am.  Nat.,  vi.  297. 

Botanical  Notices.  Robert  Brown's  first  Botanical  Paper;  Prantl's  Memoir 
upon  Inuline;  CJooke  and  Peck,  Erysiphoi  of  the  United  States;  Kan-Sun,  a 
Chinese  Vegetable;  Flora  Brasiliensia,  fasc.  55.     Am.  J.  Sci.,  III.  iv,  149-151. 

Botanical  Notices.  Tuckerman.  Genera  Lichenum ;  Hooker,  Flora  of  British 
India;  Grevillea;  Linnaea,  vol.  m;  Flora  Brasiliensis,  fasc.  57-59:  News  of 
Botanists;   Herbarium  of  the  late  Dr.  Curtis.     Am.  J.  Sci.,  Ill,  iv.  420-422. 

Botanical  Notices.  Dccaisne's  Monograph  of  the  Genu's  Pyrus;  Botanical 
Supplement  to  Fifth  Annual  Report  of  Geol.  Survey  of  Territories  for  1871.  Am. 
J.  .3ci.,  Ill,  IV,  489-495. 


1873. 

lk>tanical  Notices  Brongniart  on  the  Theoretical  Structure  of  the  Cone  in 
Oonifene;  Zizania  aquaUca  not  tuberifcrous ;  Calcareous  encrusted  Charae;  Origin 
of  the  Weeping  Willow.     .\m.  J.  Sci.,  HI.  v,  75. 

Botanical  Notices.  Boissier,  Flora  Orientalis.  vol.  11 :  Hooker's  Icones  Planta- 
mruTUf  III,  vol.  n,  part  1 ;  Journ.  Linn.  Soc,  no.  68;  Journal  of  Bot^iny,  Dec,  1872 ; 
Discharge  of  the  seeds  of  Witch  hazel;  Chlorodictyon,  by  Agardh;  Braun  on 
Jbfarsilia  and  Pilularia;  Baillon,  Histoire  des  Plantes;  Triana.  Les  Melastomacees. 
-Am.  J.  ScL,  III,  V,  142-145. 

Seemann's  Flora  Vi  lien  sis.     Trimen's  Journ  Bot,  xi.  181-182. 

Review  of  Beotham  and  Hooker's  Genera  Plantarum,  vol.  11,  part  1.  The 
Academy,  iv,  230-231. 

Botanical  Notices.  Hildebrand,  Fertilization  in  Grasses.  Am.  J.  Sci.,  III.  v. 
316. 

Botanical  Notices.  Van  Tieghem  on  the  Cotyledon  of  Gramineoe,  etc. ;  Infelix 
Lolium;  H.  C.  Wood,  Fresh-water  Alga?  of  North  America.  Am.  J.  Sci.,  Ill,  v, 
399-391. 

Botanical  Notices.  Van  Tieghem,  on  Nervation  of  Croats  of  Ovules  and  Seeds* ; 
Supposed  American  Origin  of  Rubus  Idieus  [repr.  in  Amer.  Nat.,  vii,  421-422J; 
a  New  Textile  Plant;  Hooker's  Icones  Plantarum,  vol.  11,  part  2:  Bentham  and 
Hooker,  Genera  Plantarum,  vol.  11,  part  1 ;  Wm.  S.  Sullivanl.  Am.  J.  Sci.,  Ill, 
V.  479-481. 

Notice  of  A.  DeOandollo*s  Histoire  des  Sciences  et  des  Savants.  Nation.  No. 
418.  p.  12. 

Botanical  Notices.  Flora  Brasiliensis,  fasc.  GO,  61  ;  \V.  P.  Hiem,  a  Mono- 
{nraph  of  Ebenaceaj;  E.  Regel,  .Vnimadversiones  de  Plantis  vivis  nonnullis  Hon. 
Bot.  Imp.  Petropolitani.     Am.  J.  Sci.,  Ill,  vi.  75-77. 

Botanical  Notices.  LcMaotit  and  Decaisno's  Descriptive  and  Analytical  Botany ; 
Crepin*s  Primitise  Monographia;  Rosarum.     Am.  J.  .^ci..  Ill,  vi,  147-151. 

Botanical  .Votices.  Bentham.  Notes  on  Composita;;  (Ersted,  System  der  Pilzo, 
Lichenen  und  Aleen:  A.  H.  Cur  tins,  Catalogue  of  Phrunogamous  and  Vascular 
Crvptogamous  Plants  of  Canada  and  the  Northeastern  portion  of  the  United 
States;  A.  Pollock.  Index  to  Medicinal  Plants      Am.  J.  Sci ,  III,  vi,  230-231. 

Anniversary  Address  of  the  President  [Bentham]  to  the  Liunean  Society,  May 
24,  1873.     Am.  J.  Sci.,  Ill,  Vi,  241-254. 

Botanical  Notices.     Hanbury  on  Pareira  Brava.     Am.  J  Sci.,  Ill,  vi,  315. 

Botanical  Notices.  -Bomet  on  the  Composition  of  Lichenes;  Hybridation  in 
Mosses,  etc.,  Philibert.     Am  J.  Sci.,  Ill,  vi,  388-390. 

The  Attitude  of  Working  Naturalists  towards  Darwinism.  [Review  of  De- 
Oandolle's  Histoire  des  Sciences  et  des  Savants,  of  Bentham'a  Presidential  Address 
before  the  Linnean  Society,  of  Bentham's  Notes  on  Compositae.  of  Flower's 
Evidence  of  Modification  of  Animal  Forms,  of  Daw.son's  Story  of  the  Earth  and 
Man.]     Nation,  No.  433,  pp.  258-261.     [Darwiniana,  pp.  23G-251.] 

'Botanical  Notices.  Bennett  on  Movements  of  the  Glands  of  Drosera;  Eugel- 
mann,  Notes  on  the  Genu.=<  Yucca.     .Am.  J.  Sci.,  III.  vi.  4G7-470. 
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1874. 

Notice  of  the  Cessation  of  DeCandoUe's  Prodromus.     Nation,  No.  446,  p.  41 

Evolution  and  Tlieology.  [Review  of  Rev.  6.  Henslow's  Theory  of  Evolmioi; 
of  C.  Hodge's  Systematic  Theology,  and  of  J.  LeConte's  Religion  and  Sdenotj 
Nation,  No.  446,  pp.  44-46.     [Darwiniana.  pp.  252-265.] 

Botanical  Notices.  Contributions  to  American  Botany,  Sereno  Watson;  Cbir* 
acters  of  New  Kerns  from  Mexico,  D.  C.  Eaton ;  Botanical  Contributions,  by  in 
Gray,  Nov.  18,  1873;  Bentham's  Flora  Australiensia,  vol.  vi:  Flora  Brasilieosii 
fasc.  62 ;  Musee  Botanique  de  Leide,  vol.  i ;  DeCandolIe's  Prodromus,  yoL  ni 
Am.  J.  Sci.,  Ill,  VII,  63-68. 

Botanical  Notices.  Dr  Regel  on  Vms;  Hepaticae  Boreali- Americans.  C.  F. 
Austin;  Ilysauthes  gmtioloides;  Synopsis  Generis  Lespedessae,  C.  J.  Maxioiowin. 
Am.  J.  Sci.,  in,  VII,  152-154. 

What  is  Darwinism?  [Review  of  C.  Hodges'  What  is  Darwinism?,  of  A. 
Winchell's  Doctrine  of  Evolution,  of  G.  St.  Clair's  Darwinism  and  Design,  and  of 
C.  Kingsley's  Westminster  Sermons.]  Nation,  No  465,  pp.  348-351.  [Darwiniaai, 
pp.  266-282] 

Botanical  Notices.  Parthenogenesis  in  Ferns;  Hoofcer's  Flora  of  British  India; 
New  views  on  Lichenes  and  Gonidia;  Decaisne  on  Eryngium.  species  widi 
parallel- veined  leaves.     Am.  J.  Sci.,  Ill,  vii,  440-444. 

Botanical  Notices.  Revision  of  the  North  American  Chenopodiaceae,  Sereno 
Watson ;  J.  F.  Mellichamp  on  Sarracenia  variolaris.     Am.  J.  Sci.,  Ill,  vn,  599-600. 

Owens  College  Essays  and  Addresses.  [ReWew  of  Essays  and  Addresses  b? 
Professors  and  Lecturers  of  Owens  College,  Manchester.]  Nation,  No.  474,  pp. 
76-77. 

Botanical  Notices.  Dr.  Shaw  on  changes  in  the  character  of  Vegetation  pro- 
duced by  Sheep-grazing;  McNab  and  Dyer  on  the  Perigynium  and  occasionil 
Seta  in  Carex ;  Maximowicz,  Diagnoses  Plantarum  Japonise,  etc. ;  Botanical  Coo* 
tributions  by  Asa  Gray,  in  Proc.  Am.  Acad.,  vol.  ix;  J.  G.  Cooper  on  InfloeDoe 
of  Climate  and  Topography  on  Trees  around  San  Francisco  Bay ;  0.  H.  Willia, 
Catalogue  of  Plants  near  New  Jersey.     Am.  J.  Sci.,  IIF,  viii,  69-72. 

Manual  of  Geology,  by  Jas.  D.  Dana.     Nation,  No.  469,  pp.  415-416. 

Botanical  Notices.  A.  DeCaodolle  on  Physiological  Groups  in  the  Vegetable 
Kingdom;  W.  C.  Williamson.  Primeval  Vegetation  in  its  relation  lo  the  Doctrines 
of  Natiinil  .^election  and  Kvolulion ;  J.  W.  Dawson,  Annual  Address  of  the  Presi- 
dent of  iho  Natural  History  Society  of  Montreal,  May,  1874;  R.  Siiuttleworth  and 
his  collections.     Am.  J.  Sci..  Ill,  viii,  147-156. 

Notes  on  the  Addresses  of  the  Pre sidenis  of  tho  English,  French  and  American 
Associations  for  the  Advaucenieut  of  Science.     Nation,  No.  481,  p.  183. 

Note  on  Prof.  Tyudall's  estimate  of  Aristotle      N'ation,  No.  482,  p.  204. 

Note  on  Wurtz's  Address  on  "The  Theory  of  Atoms  in  the  General  Conception 
of  the  Universe."     Nation,  No.  4>"52.  p.  204. 

Notes  on  Dr.  Hooker's  Address  as  President  of  a  section  of  the  British  Associ-i- 
tion  ou  Insectivorous  Plants.     Nation,  No.  483,  p.  219. 

Notice  of  the  American  Naturalist  for  Oct.,  1874.     Nation,  No.  485.  p.  250. 

Miscelhmeous  Notices.  Haker's  Revision  of  the  Genera  and  Species  of  the 
Tulipcfe;  .'K.sexual  (Growth  from  the  Prothallus  of  Pteris  cretica,  by  Farlr»w: 
Botany  of  S.  I'acitic  Exploriii;^'  Kx,)e<litiou  under  .\dmiral  Wilkes,  etc.  Aiaer. 
Jouru*.  Sci.,  111.  viii,  320-322. 

Botanical  Notices.  J.  D.  Hooker  ou  the  Carnivorous  Habits  of  some  PIant>; 
Linnean  Society  of  London ;  Professorship  of  Botany  at  the  Jardin  des  Plantcj. 
Am.  J.  Sci.,  Ill,  VIII,  395-398.  • 

Botanical  Notices.  Note  on  the  use  of  the  word  Cyclosis.  Am.  J.  Sci .  III. 
VIII,  469-470. 

Notice  of  the  Address  of  the  President  of  the  Michigan  Pomological  Socieiy. 
Nation,  No.  493,  p.  382. 

1875. 

Botanical  Notices.  J.  Scott,  Notes  on  the  Tree-Ferns  of  British  Sikkim ;  Eora 
Brasilionsis,  fasc.  53,  G4;  Journ.  Linn.  Soc,  no.  77;  Trans,  and  Proc.  Bot.  Sc»a 
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Uinburgh,  vol.  xi;  Florida  plants  for  sale;  American  Naturalist,  vol.  viii.  Am. 
I",  Scl,  III,  IX.  65-69. 

Notice  of  DeCandolle's  Memorial  of  Agassiz.     Nation,  No.  504,  p.  135. 

Notice  of  Sir  John  Lubbock's  British  Wild-Flowers  considered  in  Relation  to 
LSisects.     Nation,  No.  509,  pp.  229-230. 

Botanical  Notices.  Fluckiger  and  Han  bury,  Pharmacographia ;  l^Yies,  Hymen- 
JKmycetes  Buropaei;  Saporta,  Miocene  Fossil  Plauts  of  Greece;  Mace.  Am.  J. 
act.  III,  IX,  153-154. 

Bientham,  on  the  recent  Progress  and  present  State  of  Systematic  Botany. 
Am.  J.  Sci.,  III.  iz,  346-355. 

Botanical  Notices.  W.  S.  Sullivant,  Icones  Muscorum ;  Attar  of  Roses ;  Sir  J. 
Kiubbock,  British  Wild-Flowers  considered  in  relation  to  Insects.  Am.  J.  Sci.,  Ill, 
EX,  323-326. 

Notice  of  Sach's  Text-Book  of  Botany.    Nation,  No.  519,  p.  400. 

Botanical  Notices.  Bentham,  Revision  of  the  Sub-order  Mimoses;  J.  D. 
Hooker,  Flora  of  British  India;  Miers.  on  the  Lecy thidaces ;  Hooker  and 
Baker,  Synopsis  Filicum;  Grisebach.  Plant®  Lorentzianas ;  A.  Gray,  North 
American  Hydrophyllacese ;  S.  Watson,  Revision  of  the  Genus  Ceanothus  and 
Synopsis  of  the  Western  Species  of  Silene,  W.  G.  Farlow.  List  of  the  Marine 
Algae  of  the  U.  S.     Am.  J.  Sci.,  Ill,  ix,  47 1-476. 

Botanical  Notices.  M.  C.  Cooke,  Fungi,  their  Nature  and  Uses.  Am.  J.  Scl, 
m,  X,  62-63: 

Notice  of  M.  C.  Cooke's  Fungi :  their  Nature  and  Uses.     Nation,  No.  525,  p.  62. 

A  Beginner  in  Botany.  [Review  of  Ruskins'  Proserpina.]  Nation,  No.  528, 
pp.  103-104. 

Botanical  Notices.  C.  B.  Clarke,  Commelynacese  et  Cyrtandracese  Bengalenaes. 
AnL  J.  Sci.,  Ill,  X,  154-155. 

German  Darwinism.     Nation,  1875,  pp.  168-170. 

Notice  of  Emerson's  Trees  and  Shrubs  of  Massachusetts.  Nation,  Oct  8, 
1875. 

Botanical  Notices.  J.  L.  Stewart  and  D.  Brandis,  Forest  Flora  of  N.  W.  and 
Central  India;  Flora  Brasiliensls,  fasc.  66;  DeCandolle  on  Different  Effects  of 
nme  temperature  upon  same  plants  under  difiTerent  latitudes ;  Dr.  J.  E.  Gray's 
Publications.     Am.  J.  Sci.,  Ill,  x,  236-239. 

Botanical  Notices.  Rostafinski  on  Hematococcus  lacustris,  &c.;  E.  Tuckerman, 
Catalogue  of  Plants  growing  without  cultivation  within  thirty  miles  of  Amherst 
College;  L.  Radlkofer,  Serjania  Sapindacearum  Grenus  monographice  descriptum. 
Am.  J.  Sci.,  Ill,  I,  309-311. 

Botanical  Notices.  The  formation  of  Starch  in  chlorophyll-grains ;  G.  B.  Em- 
erson, Report  on  the  Trees  and  Shrubs  of  MasR.;  W.  T.  Dyer,  On  the  Classifica- 
tion and  Sexual  Reproduction  of  Thallophytos ;  F.  Buchenau,  Monographic  der 
Juncaceen  vom  Cap.     Am.  J.  Sci.,  Ill,  x,  392-395. 

Botanical  Notices.  J.  Decaisne,  Memoire  sur  la  Famille  des  Pomaces;  J.  G. 
Baker,  Elementary  Lessons  in  Botanical  Geography.     Am.  J.  Sci.,  Ill,  x,  481-484. 

Review  of  Emerson's  Trees  and  Shrubs  of  Massachusetts.  American  Agricul- 
turist, Dec.,  p.  451. 

1876. 

Review  of  Darwin's  Insectivorous  and  Climbing  Plants.  Nation,  No.  549,  pp. 
12-14;  No.  550,  pp.  30-32.     [Darwiniana,  pp.  308-337.] 

Botanical  Notices.  Karl  Koch,  Vorlesungen  iiber  Dendrologie ;  C.  Darwin,  In- 
sectivorous Plants  and  Movements  and  Habits  of  Climbing  Plants,  2d  ed. ;  Haeck- 
el's  Ziele  und  Wege  der  heutigen  Entwickeluugsgeschichte.  Am.  J.  Sci.,  Ill,  xi, 
69-74. 

Botanical  Notices.  Naudin  on  the  Nature  of  Heredity  and  Variability  in  PlHuts; 
Rev.  H.  Macmillan,  First  Forms  in  Vegetation.  2d  ed.  Am.  J.  Sci.,  Ill,  xi,  153- 
157. 

Botanical  Notices.  Geo.  Engelmann,  Notes  on  Agave;  J.  Duval-Jouve,  Struc- 
ture of  the  Leaves  of  Grasses ;  B.  Renault,  Botryopteris  Forensis ;  Brongniart, 
Silicified  fossil  Fruits  or  Seeds;  Mayer  and  Wolkofi,  Respiration  of  Plants;  Bor- 
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net,  Classification  of  Nostoohinese ;  Gjmnocladus  in  China ;  Flora  Brasiliensis,  laac 
68.     Am.  J.  Sci.,  Ill,  XT,  235-239. 

Botanical  Notices.  Botanical  Contributions  in  vol.  xi  of  the  Proc.  Amer.  Acad., 
New  species  and  genera  from  California,  by  A.  Gray,  and  on  the  Flora  of  Guada- 
lupe Island  by  S.  Watson.     Am.  J.  Sci.,  Ill,  xi,  325. 

Botanical  Notices.  Bulletin  of  the  Bussey  Institution,  part  5,  containinf 
Farlow's  Disease  of  Oranjre  and  Olive  Trees  of  California,  American  GrapeTine 
MiUk'W,  Fun^ri  near  Boston,  The  Black  Knot,  and  Report  of  the  Director  of  the 
Arnold  Arboretum.     Am.  J.  Sci.,  Ill,  xi,  414-416. 

Botanical  Notices.  C.  S.  Sargent,  Tree-planting,  Prizes  for  Arboriculture;  A. 
Blytt,  Kssay  on  Immigration  of  Norwegian  Flora  during  Rainy  and  Dry  Periods; 
Bentham  aud  Hooker,  Gtenera  Plantarum,  vol.  n ;  Botany  of  California.  voL  i, 
Polvpetalie,  by  Brewer  and  Watson,  Gamopetalie  by  A.  Gray.  Am.  J.  Sci.  IE 
XlC  73-79. 

Notice  of  A.  Koehler's  Practical  Botany,  Structural  and  Sjrstematic.  Nation, 
No.  570.  p.  80. 

Botanical  Notices.  George  Engelmann,  The  Oaks  of  the  United  States;  )L 
Gustave-Adolphe  Thuret,  Equisse  Biographique,  by  M.  E.  Bomet;  F.  de  Moet 
ler,  Fragmenta  Phytographia*  Australia;,  vol.  ix;  Flora  Brasiliensis,  fasc.  62  and 
69;  J.  W.  lk>al,  The  Forest-products  of  Michigan  at  the  Centennial  Eiposidoo: 
G.  C.  Artliur,  Contributions  to  the  Flora  of  Iowa.     Am.  J.  Sci.,  Ill,  ui,  153-15«! 

Botanical  Notices,  C.  DeCandolle,  Structure  and  Movement  of  Leaves  of  Dio- 
na^a  muscinula;  P.  B.  Wilson.  Diatoms  in  Wheat-straw:  Hance,  An  Intoxica^ 
Gras:« ;  Crepin,  Primitia?  Monographic  Rosarum ;  A.  DeCandolle,  on  the  Influence 
of  the  age  of  a  Tree  on  the  time  of  Leafing ;  A.  Koehler,  Practical  Botany,  Strofr 
tural  and  Systematic ;  T.  S.  Bi-andegee.  Flora  of  Southwestern  C<riorado.  Am.  J. 
Sci..  III.  XII,  232-235. 

lk>tanical  Notices.  J.  D.  Hooker.  Flora  of  British  India,  part  4;  A  6. 
Clarke,  Com|K)sitje  Indicie:  Proc.  Am.  Assoc..  24th  meeting,  1875,  BotanioJ 
articles  by  Meehan  on  Insect  fertilization  of  Flowers.  Beal  on  C«miTon>us  Plants, 
Inequilateral  Leaves  and  the  Venation  of  a  few  odd  Leaves,  T.  B.  Comstod[  on 
I'trioularia  vulw'ari^,  J.  Hvatt  on  Periodicitv  in  Vegetation.  Am.  J.  Sci.,  IIL  EL 
397-:?l>S. 

Botnnioa".  Noti».vs.  Rullou.  Diotionnaire  de  Boianique.  fasc.  1 ;  T.  Camel, 
Xuovo  i,liorn;»u»  Botaniv.v  Iialiano,  voL  viii:  E.  Boissier.  Flora  Orientalis:  J. 
Miors.  Or  tiio  Barrincioniaoocv ;  G.  Va-^ey.  Cauilojjue  of  the  Forest  Trees  of  the 
rnttvi  v^taios.      A;n.^T.  S^m.,  III.  Xll.  4t>S-469. 


1877. 

Iv  :a:ioa'.  Not!vV^.  T.  Comlvr.  GvOjrrapliioa!  Statistics  of  the  K-jropean  Flora; 
J.  S:  mc'.o  ;ir.d  G  L.  Gvwialo.  T!.e  Wild  Flowers  of  America.  Am.  J.  Sci.  Ill 
xiii.  S:^-^^. 

ivrav..  .»'.  NvHuxs-  1nv!V.o:\  Dionocnaire  dv  Boraiiqiie.  fasc.  2  and  3:  0.  Heer. 
r'.v^r.i  ':\>>.'>  Vrv*::.^  :  IVv  an.:  Ira::?.  Xrv.>*  Soc^:ia  Inst.  Nat,  SoL  vol.  rv.  p^rt 
-.  A^v.:sv.;-,",v.j:  :  ,  :o>  bv  I.iwSv^u  o:.  Ca.'.una  vul*nir!s,  notes  on  Rho^iodendron  miii- 
:v.-.;*.v..  ,.v.v;  ;i  •.    •..  '..^v\:o  .:  :";  e  Plaits  .:'  ti.e  Frovino^  bv  Sc-mmers.     An-.  J.  >ci-. 

...     \..,     ,».^        .. 

iv  :...  vsl  N  •..,-:>.  v\  1\  *.\-i..  i.^y.t.  «.  Vservitions  s-r  '."ecroulem-en:  des  VrJlt'S: 
^^  v  ••  .'..w  r.. .  n->.v.i:: :  vt.  rVnt'.ani.  0'.as:sl£::itioQ  and  TemJnOiOjy  in 
\i.  •.  v>.  :.  \  :  :.<      /   ".  a-tv.-.  V:ir..v.s  v\  ntrlvAn.>:-s  :j  wL:/r.  Onrliis  a.-i?  frr.llized 

:vMv..--.."  N..  .vs  .•  >v\v,ir  -."rcAno^cenT  ::  :if  Feniiie  Kowcr  of  Gnt-nm 
v'v^^  .^:  :  ;  Xi.;-  .;<.  rA:Avn:X:o;:5.;  -^i^n  ::  ;tws  .ini  sLmbs  of  Sr^uti  of 
V^>:  A  xx;   .       -■#<:■>::•.:  :.;  yr:>:   .n  atII  -sr-ntr:^-     AnL  /.  ScL.   IIL  tul  -t^i^ 

N    .    -,>       A     ,.    -.\r.-^.  V.    ..  Ar  :--s:n.    ^     l.   t-ston.  A^r-t  Exsic- 

>^--  ^•'  '  ■-  :^  V  ;>.  :.v>;  :    A-   ;  S::.  :::  x:v  ::. 

•^  •  y-N  -^^  A  ;o-v.:a-\  :c  ?.^;3.n:  :,:  X  iien:lirj:r^  G  0  TV.  Bobn- 
ivv.^     .-.   .v-.\'.v    V..:      v..    l:t^~i:u.-:t    rv:.-jn.At   r-rr.v>il--*-     Am.  J.  Sri- III. 


Botanical  Notices.  W.  G.  Farlow,  Notes  on  Ck>mmoD  plant  diseases  caused  hy 
^ungi;  Flora  Brasiliensis,  fasc.  70;  J.  Macounf  Botany  of  British  Columbia 
msbd  Northern  Rocky  Mountains ;  8.  Knrz,  Sketch  of  the  Vegetation  of  the  Nioo- 
Ibv'  Islands,  etc ;  A.  Lavallee,  Arboretum  Segrezianum ;  J.  G.  Baker,  Sjrstema 
:&idaoearum.    Am.  J.  Sci.,  IIL  xiv,  426-429. 

Botanical  Notices.  I.  Sprague  and  G.  L.  Goodale,  The  Wild  Flowers  of  Amer- 
part  n;  Cleistogamy  in  Impatiens ;  0.  R.  Willis,  Catalogue  of  Plants  of  New 
©y;  Sir  J.  D.  Hooker's  voyage  to  America.     Am.  J.  Sci.,  Ill,  xiv,  497-499. 
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Cook's  Lectures  on  Biology.     New  Eoglander,  xxxvii,  100-113. 

Botanical  Notices.  C.  Darwin,  The  Different  Forms  of  Flowers  on  Plants  of 
the  same  Species ;  D.  C.  Katon,  Ferns  of  North  America :  G.  E.  Davenport,  Notes 
on  Botrychium  sifnplex.     Am.  J.  Sci.,  Ill,  xv,  67-73. 

Notice  of  C.  S.  Sargent's  paper  on  tree-planting  in  Twenty-fifth  Report  of  the 
Mass.  Board  of  Agriculture  and  Hon.  B.  G.  Northrop's  Economic  Tree- Planting. 
Nation,  No.  665,  p.  215. 

Phytogamy.  Review  of  Darwin's  Different  Forms  of  Flowers  on  Plants  of 
ate  same  Species,  Various  Contrivances  by  which  Orchids  are  fertilized,  Effects  of 
Cross-  and  Self-Fertilization  in  the  Vegetable  Kingdom.  Nation,  No.  667,  pp. 
246-248. 

Botanical  Notices.  F.  Parkman,  The  Hybridization  of  Lilies;  Thuret's  Garden; 
Bngelmann's  Papers  in  Trans.  Acad.  Sci.,  St.  Louis,  vol.  iii;  Wibbe  on  new  range 
for  two  Orchids.     Am.  J.  Sci.,  Ill,  xv,  151-153. 

Botanical  Notices.  Lesquereux,  Contributions  to  the  Fossil  Flora  of  th» 
Western  Territories.     Am.  J.  Sci.,  Ill,  xv,  219. 

Botanical  Notices.  Supplementary  Note  to  the  Review  of  Darwin's  Forms  of 
Flowers;  J.  Smith,  Historia  Filicum;  D.  C.  Eaton,  Ferns  of  North  America, 
part  2;  W.  G.  Farlow,  List  of  Fungi  found  near  Boston;  Joum.  Linn.  Soc. ; 
Or^pln,  Guide  du  Botaniste  in  Belgique;  I.  J.  Isaman,  Insect-fertilization  in 
Trichostema.     Am.  J.  Sci ,  III,  xv,  221-225. 

Botanical  Notices.  D.  C.  Eaton,  Ferns  of  North  America,  parts  4  and  5; 
Baillon,  Dictionnaire  de  Botanique,  fasc.  8 ;  A.  E.  Caracas,  Vargas  considers tio 
oomo  Botanico,  etc.     Am.  J.  Sci.,  Ill,  xv,  483-484. 

This  Life  and  the  Future.  [Review  of  Dean  Church's  Human  Life  and  its 
Conditions.]     Independent,  June  20th,  p.  1 0. 

Botanical  Notices.  Oliver,  Flora  of  Tropical  Africa,  vol.  iii ;  D.  C.  Eaton, 
Ferns  of  North  America,  part  3;  L.  Lesquereux,  Report  on  Fossil  Plants  of 
Gravels  of  Sierra  Nevada ;  E.  M.  Holmes,  Catalogue  of  Museum  of  Pharmaceutical 
Soc.,  Great  Britain;  Thuret's  Garden  at  Antibes.     Am.  J.  Sci.,  Ill,  xvi,  318-320. 

Botanical  Notices.  A.  Gray,  Synoptical  Flora  of  N.  A. ;  Sereno  Watson,  Biblio- 
graphical Index  to  North  American  Botany ;  M.  T.  Masters,  On  the  Morphology 
of  Pnmulacese ;  G.  Henslow,  On  the  Origin  of  Floral  Estivations ;  M.  M.  Hartog, 
Floral  Structure  and  Affinities  of  Sapotacese ;  Curtiss,  North  American  Plants ; 
Catalogue  of  Plants  within  thirty  miles  of  Yale  College.  Am.  J.  Sci.,  Ill,  xv, 
400-402,  404. 

Botanical  Notices.  T.  Meehan,  Native  Flowers  and  Ferns  of  the  U.  S. ;  S.  0. 
Lindberg,  Monographia  Metzgeriaj  and  Bryineaj  Acrocarpae;  A.  Fendler,  Ferns 
of  Trinidad;  Flora  Brasiliensis,  fasc.  73.     Am.  J.  Sci.,  xvi,  72-75. 

Botanical  Notices.  J.  Williamson,  Ferns  of  Kentucky ;  J.  Robinson,  Ferns  in 
their  homes  and  ours;  J.  Maooun,  Catalogue  of  Plants  of  Canada;  Meehan,  Na- 
tive Flowers  and  Ferns  of  the  U.  S.     Am.  J.  Sci.,  Ill,  xvi,  155-157. 

Botanical  Notices.  Bentham  and  von  Mueller,  Flora  Austrahensis,  vol.  vii ; 
J.  G.  Baker,  Flora  of  Mauritius  and  the  Seychelles ;  Eurz,  Forest  Flora  of  British 
Burma ;  J.  Miers,  The  Apocynaceae  of  South  America ;  J.  D.  Hooker,  Students' 
Flora  of  the  British  Islands ;  Botany  of  Kerguelen  Ids. ;  D.  C.  Eaton,  Ferns  of 
North  America,  parts  6  and  7.    Am.  J.  ScL,  III,  xvi,  237-240. 

Botanical  Notices.  A.  et  Cs  DeCandolle,  Monographic  Phanerogamarum  Pro- 
dromi  nunc  continuatio,  nunc  revisio ;  J.  D.  Hooker.  Flora  of  British  India,  part 
5;  A.  W.  Bidder,  Flower-diagrams;  G.  Bohnensieg  et  W.  Burck,  Repertorium 
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Annuum  Literaturae  Periodicse,  tome  iv ;  J.  G.  Baker,  Sjnopsis  of  Genus  Afi ' 
legia.     Am.  J.  Sci.,  III.  xri,  326-327. 

Botanical  Notices.  Todaro,  Kelazione  sulla  Cultura  dei  Cotoni  in  Italia,  sequi 
da  una  Monograpia  del  Genere  Goasjpium ;  T.  Meehan,  Native  Flowen  oi 
Ferns  of  U.  S.     Am.  J.  Sci.,  Ill,  xvi.  403-404. 

Botanical  Notices.  A.  S.  Wilson,  Sugar  in  Nectar  of  Flowers;  D.  C  Eita, 
Ferns  of  N.  A.,  parts  8  and  9;  Note  on  a  Monstrous  Sarraccnia  parponi 
Am.  J.  ScL,  III,  xn,  485,  487.  488. 

Epping  Forest  and  how  best  to  deal  with  it,  by  A.  R.  Wallace  in  Foctnigidlf 
Review.     Nation,  No.  704,  p.  400. 


I  *i- 


1879. 

Botanical  Notices.     Flora  Brasiliensis,  fasc.  75-78;  Heer,  Flora  FoesilisA^ 
tica,  tome  v;  A.  R.  Wallace,  Kpping  Forest.     Am.  J.  Sci.,  Ill,  xvii,  69-71. 

Hooker  and  Ball's  Tour  in  Marocco.  [Review  of  Hooker  and  Ball's  Journal  oft 
Tour  in  Marocco  and  the  Great  Atlas.]     Nation,  No.  718.  pp.  232-233. 

Botanical  Notices.  W.  T.  Thistleton-Dyer,  On  Plant- Distribution  as  a  field  bt 
Geographical  research ;  C.  F.  Nyman,  Conspectus  Florae  Europsese.  Am.  J.  ScL 
III,  XVII,  176-177. 

Notices  of  A.  Wood's  and  J.  D.  Steele's  Fourteen  Weeks  in  Botany,  and  AnlwiBi 
B.  Buckley's  Fairv-Land  of  Science.    Nation,  No.  723,  p.  324. 

Botanical  Notices.  Strasburger,  Ueber  Polyembryonie ;  Bentham,  Notes  01 
Euphorbiaceas ;  J.  D.  Hooker,  Journal  of  a  Tour  in  Marocco  and  the  Great  Atiai; 
Eaton's  Ferns  of  North  America,  parts  12  and  13;  Farlow,  Anderson  and  Eaton, 
Algae  Amer.  Bor.  Exsiccatw,  fasc.  3 ;  Am.  J.  Sci.,  Ill,  xvn,  334-339. 

Botanical  Notices.  Guides  for  Science-Teaching,  Goodale  and  Hyatt;  L.  Eirea 
on  the  Function  of  the  Sterile  Filament  in  Pentsiemon ;  Revue  Myoologiqne,  Na 
1 ;  Meehan's  Native  Flowers  and  Ferns  of  the  U.  S. ;  F.  B.  Hine,  ObaervatioDi 
upon  Saproleg^iese ;  Y.  Rattan,  Popular  California  Flora.  Am.  J.  Sd.,  Ill,  im, 
410-413. 

Botanical  Notices.  L.  Errera  on  Number  of  digestive  glands  in  Dioniea ;  T.  P. 
Allen,  Characeai  Amoricanae ;  0.  Beccari,  Malesia ;  G.  Henslow,  On  the  Self  fer- 
tilization of  Platits  [Dot.  Gazotte,  it,  182-187].     Am.  J.  Sci.,  III.  xvii,  488-494. 

Concerning  a  Few  Common  Plants.  [Review  of  Prof.  Goodale's  Primer  with 
the  above  title.]     American  Agriculturist,  July.  p.  256. 

Botanical  Notices.  J.  T.  Rotlirock,  Botany  in  vol.  vi  of  Report  of  U.  S.  Geogr. 
Survey  we.st  ot  100th  mendian;  Flora  of  British  India,  part  vi;  ReicheDl«aeL 
Refu^inni  Botanicutn,  vol.  II.  fasc.  1  ;  Trana.  and  Proc.  of  Botanical  Soc.  of  ¥Ain- 
burg.  XIII;  liotanieal  Papers  in  Journ.  Linn.  Soc.  Bot.,  xvii;  F.  Darwin,  on  Nu- 
trition of  l)rosera;  Balfour  on  the  Genus  Pandauus;  E.  Lockwood  on  the  Mahwa 
Tree,  etc. ;  G.  Henslow,  Floral  dhssections  illustrating  typical  Genera  of  British 
Natural  Orders.     Am.  J.  Sci.,  Ill,  xviii.  154-15S. 

Botanical  Notices.  J.  Ball,  On  the  Origin  of  the  Flora  of  the  European  Alj^: 
von  Mueller.  Native   I'laiit^  of  Victoria,  part  i.     Am.  J.  Sci.,  HI,  xviii,  2.>>-23i 

Notice  of  Sir  .lolin  Lui>bi)ck's  Scieiilitlc  Lectures.     Nation,  No.  746.  p.  262. 

Instinct  and  Heason.  by  F.  (\  Clark.     Am.  Nat.,  xill,  317-,318. 

Plant  Archieolo^v  ( Notice  of  Saporta'a  '*  Le  Monde  des  Plains  avani  TAppariuoa 
deriloninie"').     Nation,  Ls79.  lOo-iyG,  212-213. 

Boianical  Notices.  L.  Celakovsky,  the  (.iymnospermy  of  ("oniferae,  by  Geo. 
En^rohnann  and  A.  Gray  (Bot.  Gazette,  iv,  222-224];  Contributions  to  AmericaD 
Botany,  I. \,  by  S.Watson:  Musci  Fendleriani  Veuezuelenses ;  Baillon,  Diction* 
naire  dc  Botanique.  vol.  11,  parti;  Trans.  Liun.  Soc.  Lond.,  vol.  i;  NouveUe 
Archives  du  .Musouni.  II,  vol.  I;  F.  Delpmo  Revista  Botanica  deirAnno.  1873. 
Am.  J  Sci..  III.  xviii.  ;ni-:u7. 

Botanical  Notices.  Kunkel  on  Klectrical  Currents  in  Plants:  C.  J.  Maximowici, 
Adnotationes  de  i^pir.Taceis ;  Boissier.  Flora  Orientalis.  vol.  IV.  Am.  J.  Sci,  III 
XVIII.  41  1-416. 

Botanical  Notices,  von  Mueller,  Kncalyptographia:  A.  et  C.  DeCandolle,  Mono- 
graphia)   Phanerogamarum  Prodromi,  etc. ;  C.    DeCandolle,    Anatomie  Comparee 
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les  Feuilles  chez  quelques  Families  de  Dicotyledones;  BoDtham  and  Hooker*H 
!>enera  Plantarum,  yoL  iii,  part  I.     Am.  J.  Sci.,  IIT,  xviii,  485-488. 
Instinct  and  Reason,  by  F.  C.  Clark.     Am.  Nat.,  xiii,  317-318. 

z88o. 

Brazil,  The  Amazons  and  the  Coast.  By  H.  H.  Smith.  Nation,  No.  7G6,  pp. 
181-182. 

Aroideae  Mazimilianffi.     Ilary.  Coll.  Library  Bulletin,  n,  47. 

Notice  of  T.  W.  0*Neiir8  Refutation  of  Darwinism,  and  the  Converse  Theory  of 
Development.    Nation,  No.  766,  p.  182. 

Review  of  G.  F.  Wright*8  Logic  of  the  Christian  Evidences.  Nation,  No.  771, 
p.  273, 

Botanical  Notices     Coulter's  Botanical  Gazette.    Am.  J.  Sci.,  Ill,  zix,  157-158. 

Botanical  Notices.  C.  DeCandoIle  and  R.  Pictct,  Seeds  endure  extreme  Cold ; 
Heer,  The  Genus  Gingko;  W.  H.  Gilbrest,  Floral  Development  of  Heiinuthus  au- 
C1UU8  and  Morphology  of  Vegetable  Tissues;  J.  Poyritsch,  Aroidore  Maximilianji' ; 
R.  Schomburgk,  Naturalized  Weeds  and  other  Plants  of  South  America;  A.  T. 
Dmmmond.  Canadian  Timber-trees ;  E.  L.  Sturtevant,  Indian  Corn.  Am.  J.  Sci., 
III.  XIX,  328-33  K 

Botanical  Notices.  Bentham  and  Hooker,  Genera  Plantarum,  vol.  iii;  R.  C.  A. 
Prior,  Popular  names  of  British  Plants.     Am.  J.  Sci..  Ill,  xix.  418-421. 

Botanical  Notices.  G.  Englemann,  Revision  of  the  Genus  Pinus;  O.  Kuntze, 
Methodik  der  Speciesbeschreibung,  und  Rubus.     Am.  J.  Sci.,  Ill,  xi.v,  491-49.*). 

Notice  of  D.  C.  Eaton's  Perns  of  North  America.     Literary  World,  xi,  296. 

Botanical  Notices.  DeCandolle's  Phytography;  D.  C.  Katou,  Ferns  of  Nortli 
America,  completion;  F.  de  Mueller,  Index  perfectus  ad  Cnroli  Linniei  S[)ecics 
Plantarum,  etc.;  A.  Rau  and  A.  B.  Ilervey,  Catalogue  of  North  American  Musci ; 
Botanical  Explorations  of  the  little  known  West  India  Islands.  Am.  J.  Sci.,  Ill, 
XX,  150-159. 

Botanical  Notice.     DeCandolle's  Phytography.     Am.  J.  Sci.,  Ill,  xx,  241-250. 

Botanical  Notices.  Thomas  Meehau,  The  Native  flowers  and  Ferns  of  the 
United  States;  C.  B.  Bessey,  Botany  for  High  Schools  and  Colleges;  0.  Enentli, 
Manual  of  Swedish  Pomology ;  Bidrag  till  Europas  Pomona  vid  des  Nordgraus. 
Am.  J.  Sci.,  Ill,  XX,  336-338. 

i88x. 

The  Power  of  Movement  in  Plants.  By  Charles  Darwin,  assisted  by  Francis 
Darwin.     Nation,  No.  810,  pp.  17-18. 

The  British  Moss  Flora  by  R.  Braithwaite.     Bot.  Gaz.,  vi,  185. 

Botanical  Notices.  C.  Darwin  and  F.  Darwin,  Power  of  Movement  in  Plants. 
Ana.  J.  Sci.,  Ill,  xxi,  245-249. 

Botanical  Notices.  DeCandoIle,  Monographite  Phajnogamarum,  vol.  iii;  A. 
lavallee,  Arboretum  Segreziauum;  R.  Braithwaite,  The  British  Moss-Flora.  Am. 
^.  Sci..  III.  XXII.  235-238.  v 

Botanical  Notices.  John  Earle,  English  Plant  Names  from  the  Tenth  to  the 
'^fteenth  Century;  E.  Warming,  Familien  Podostemacea?.     Am.  J.  Sci.,  Ill,  xxii, 

=»l-492. 

1882. 

Botanical  Notices.  J.  Veitch  k  Sons,  A  Manual  of  the  Conifene;  G.  C.  W. 
<>bnenzieg.  Repertorium  Annuum,  etc.;  A.  W.  Kichler,  Jahrbuch  des  Kimip- 
chen  Botanischen  Gartens  zn  Berlin  ;  Engler's  Botanischo  .Tahrbiichor;  Hooker's 
^^Ones  Plantarum,  vol.  iv,  part  1.     Am.  J.  Sci.,  Ill,  .\.\iii,  69-71. 

The  Creed  of  Science.  The  Independent  Feb.  2,  pp.  9-11.  (Notice  of  Gra- 
am's  "  Creed  of  Science  "  and  Cellariens'  '•  New  Analogy.") 

LyelPs  Life  and  Letters.    The  Literary  World,  xiii,  53-r>4. 

Botanical  Notices.  Zool.  Soc.  of  France,  Natural  History  Nomenclature; 
Caximowicz.  de  Coriaria,  Dice  et  Monochasma,  etc. ;  Torsion  of  leaf  in  Compass- 
Unt.     Am.  J.  Sci.,  Ill,  xxiii.  157-160. 

Botanical  Notices.  Bentham,  Notes  on  Graraineae;  Flora  Brasiliensis,  fasc. 
3   84-  C.  J.  Maximowicz,  Diagnoaes  Plantarum  novarum  Asiaticarum,  iv;  F. 
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Darwin,  Relation  of  leaves  to  direction  of  light  [Bot  Gaz.,  Tii,  45-47]:  W.  W. 
Bailey,  Botanical  Collector's  Handbook;  Greenland  Flora,  edited  by  J.  Lang«. 
Am.  J.  Sci.,  ni,  XXIII,  244-247. 

Botauical  Notices.  W.  Turner,  The  Names  of  Herbes.  Am.  J.  Sci.,  Ill,  mn, 
326. 

Botanical  Notices.  H.  Baillon,  Monographie  des  Compos^es;  L,  F.  Ward, 
Guide  to  the  Flora  of  Washington  and  vicinity;  Vilmorin-Andrieui,  Les  Meii- 
leurs  Bl^s,  etc. ;  H.  Devries,  The  Office  of  Resinous  Matters  in  Plants ;  V.  Rattan, 
Popular  CaHfomian  Flora,  3d  ed.     Am.  J.  Sci.,  Ill,  xxiii,  492-495. 

Botanical  Notices.  T.  F.  Allen,  Gharace«  Americanae  Kxsiccatae  distribute: 
A.  Engler,  Versuch  einer  Entwicklungsgeschichte  der  Pianzenwelt  insbesondere 
der  Florengebiete  seit  der  Tertiarperiode ;  G.  Englemann,  The  Grenus  Isoetes  in 
North  America;  A.  Clavaud,  Flore  de  la  Gironde.     Am.  J.  Sci.,  Ill,  xxiv,  72-73. 

Botanical  Notices.  S.  0.  Liodborg,  European  and  North  American  Peat-moseoL 
Am.  J.  Sci.,  Ill,  xxiv,  166-157. 

Botanical  Notices.  G.  Briosi,  Sopra  un  Organo  finora  non  avertito  di  aJconi 
Embrioni  Vegetali;  Van  Tieghem  and  G.  Bonnier,  Latent  Vitality  of  Sewb; 
S.  Watson,  Contributions  to  American  Botany,  x ;  A.  Gray,  Contributions  to 
North  American  Botany,  Proa  Am.  Acad.,  xvii;  Joum.  Linn.  Soc,  nos.  120,  IJi. 
Am.  ,r.  Sci.,  Ill,  xxnr,  296-299. 

Botanical  Notices.  Trees  and  Tree-Culture,  papers  by  H.  W.  S.  Cleveland  and 
R.  Ridgway  on  Trees,  etc.;  Am.  Journal  of  Forestry;  K.  Warming,  Familiei 
Podostemaceae.     Am.  J.  Sci.,  Ill,  xxiv,  400,  401. 

A  Dictionary  of  the  Popular  Names  of  Plants  which  furnish  the  Wants  of  Mao. 
By  John  Smith.    Literary  World,  xui,  380. 

Botanical  Notices.  J.  Smith,  Dictionary  of  Popular  Names  of  Plants.  Am.  J. 
Sci.,  Ill,  xxrvr,  476-477. 

1883. 

Botanical  Notices.     Brendel,  Flora  Peoriana.     Am.  J.  Sci.,  Ill,  xxv,  81,  81 

Botanical  Notices.  C.  F.  Nyman,  Conspectus  Flono  Eurojweae:  Flora  Brasili- 
ensis,  fasc.  SO,  87,  88;  J.  D.  Hooker  and  C.  B.  Clarke,  ¥]oTa  of  British  India,  part 
IX.     Am.  J.  Sci.,  TIT,  xxv,  1G2,  163. 

Botanical  Notices.  Marquis  de  Saporta,  Apropos  des  Algues  Fossiles;  Vilmo- 
rin.  Andrieux  &  Cie.  Los  Piantea  Potag^res;  Grant  Allen,  the  Colors  of  Flowers. 
Am.  J.  Sci.,  Ill,  xxv,  235-237. 

Review  of  DeCandolle's  Origin  of  Cultivated  Plants;  with  annotations  upon 
certain  American  .species;  by  Asa  Gray  and  J.  Hammond  Trumbull.  Am  J.  ScL, 
III,  xxv,  241-255:  370-379;    xxvi,  128-138. 

Botanical  Notices.  A.  Lavall^e,  Arboretum  Segrezianum,  fasc.  5,  6.  AniX 
Sci.,  Ill,  xxv,  312 

Botanical  Notices.  A.  Kngler,  Essay  on  Development  of  the  Vegetable  King- 
dom; A.  G.  Nathorst,  Bidrag  till  Japans  Fossila  Flora.  Am.  J.  Sci ,  III,  .\iX 
394-397. 

Botanical  Notices.  Schroter,  Morphology  of  the  Androecium  of  Malvacea; 
Chapman,  Flora  of  tlie  Southern  United  States;  Bentham  and  Hooker,  CieneRi 
Plaiitarum,  vol.  iii,  part  2  ;  A.  et  C.  DeCandolle,  Monographia^  Phanerogamarum. 
vol.  IV.     Am.  J.  Sci..  Ill,  xxv,  480-481. 

Macloskie's  Elementary  Botany.     Science,  ii,  13-14. 

Review  of  Bentham  and  Hooker's  Genera  Plantarum.  Nation,  No.  942.  pp.  tJl 
63. 

A  revision  of  the  genus  Fraxinus  by  Th.  Wenzig.     Bot.  Gazette,  viu,  264-265. 

Botanical  Notices.  E.  Hackel.  Monographia  Festucarum  Kuropa»anim;  E. 
Cosson  et  G.  de  Saint  Pierre,  Atlas  de  la  Flora  des  Environs  de  Paris;  E.  Cosson. 
Compendium  Florie  Atlanticjc,  and  lUustrationes  Florae  Atlantica*.  iasc.  1 :  F.  ^"on 
Miiller,  Systomatic  Census  of  Australian  Plants.     Am.  J.  Sci.,  Ill,  xxvi,  77-'i9. 

Bentlinm  &  Hooker,  Genera  Plantarum.  Nation,  July  19,  1883.  [Am.  J.  Sol 
III,  XXVI,  245-247.] 

Hotanical  Notice.*^.  Itinera  Principnm  S.  Coburgi ;  Notice  Biographique  siir  U. 
Joseph  Decaisne,  par  Edouard  Bornet.     Am.  J.  Sci.,  Ill,  xxvi,  247,  248. 
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Botanical  Notices.  6.  Vasey,  The  6ra88e8  of  the  United  States ;  S.  Watson, 
Contributions  to  American  Botany,  xi;  H.  Muller,  The  Fertilization  of  Flowers, 
Transl.  bj  D.  W.  Thompson.     Am.  J.  Sci.,  Ill,  xxyi,  322-325. 

Some  Points  in  Botanical  Nomenclature;  a  Review  of  "  Nouvelles  Bemarques 
tor  la  Nomenclature  Botanique,  par  M.  Alph.  de  Candolle."  Am.  J.'  Sci.,  xxvi, 
ilt-137. 

Botanical  Notices.  0.  Knnze,  Phjtogeogenesis ;  J.  Jackson,  Catalogue  of 
Phaenogamous  and  Vascular  Crjptogamous  Plants  of  Worcester  Co.,  Mass.  Am. 
J.  Sci.,  m,  XXVI,  486-488. 


Z884. 

The  Borderland  of  Science  and  Faith.  JReview  of  Goodwin's  Walks  in  the 
regions  of  science  and  faith  and  Drummona's  Natural  Law  in  the  spiritual  world.] 
Science,  m,  131-133. 

Bley  to  North  American  Birds,  Elliott  Coues.    Literary  World,  xv,  216. 

Flowers  and  their  Pedigrees.  By  Grant  Allen.     Nation,  No.  979,  p.  304. 

Notice  of  Brook's  "The  Law  of  Heredity."    Andover  Review,  i,  208-214. 

Review  of  Dean  Church's  Francis  Bacon.    Nation,  No.  982,  p.  368-370. 

Notice  of  Sophie  Herrick's  Wonders  of  Plant-Life  under  the  Microscope.  Na- 
tion, No.  982,  p.  370.   . 

W.  A.  Eellennan,  Elements  of  Botany  and  Plant  Analysis.  Nation,  No.  991, 
p.  658. 

Notice  of  N.  D'Anvers'  Science  Ladders  and  John  Babcock's  Vignettes  from 
Inyf Bible  Life.    Literary  World,  xv,  167. 

Botanical  Notices.  C.  J.  F.  Bunbury,  Botanical  Fragments ;  Bush  &  Son,  Cata- 
logue of  American  Grape  Vines;  W.  K.  Brooks,  The  Law  of  Heredity.  Am.  J. 
BcL,  III,  xxvn,  155-167. 

Botanical  Notices.  0.  Beccari,  Malesia,  part  4;  T.  Camel,  Thoughts  upon 
Botanical  Taxonomy.     Am.  J.  Sci.,  Ill,  xxvn,  241,  242. 

Botanical  Notices.  Carpenter's  Tendency  in  Variation.  Am.  J.  Sci.,  Ill,  xxvn, 
326-328. 

Botanical  Notices.  Bull.  California  Acad.  Sci.,  no.  1,  Botanical  Papers  by  A. 
Gkay  on  Veatchia  Cedrocensis,  Behr  and  Kellogg  on  Anemone  Gray!,  Kellogg  on 
Astragalus  insularis  and  Phacelia  Ixodes,  etc.,  etc.;  N.  Shepard,  Darwinism 
stated  by  Darwin  himself ;  L  Sprague  and  G.  L.  Goodale,  Wild  Flowers  of  Amor- 
lea ;  D.  P.  Day,  Catalogue  of  Plants  near  Buffalo.     Am.  J.  Sci.,  Ill,  xxvn,  413-415. 

Botanical  Notices.  A.  Lavall^,  Clematides  Megalanthes,  Les  Cl^matites  a 
Grand  Fleurs ;  Porto  Rico  plants ;  V.  B.  Wittrock,  Erythr8Ba3  Eisiccatae.  Am.  J. 
Sci.,  Ill,  xxvn,  494-496. 

Notice  of  Sir  John  Lubbock's  Chapters  in  Popular  Natural  History  and  J. 
Straub's  Consolations  of  Science.    Literary  World,  •  x v,  217-218. 

Blogen,  A  Speculation  on  the  Origin  and  Nature  of  Life.  By  Prof.  Elliott 
Ooues.     Nation,  No.  992,  p.  20. 

Botanical  Notices.  C.  B.  Clarke,  E.  Indian  Species  of  Cyperus;  C.  C.  Parry, 
Bavision  of  the  Gtonus  Chorizanthe.     Am.  J.  Sci.,  Ill,  xsyjii,  75-76. 

Notices  of  Lesquereuz  and  James,  Manual  of  the  Mosses  of  North  America,  and 
Baldwin's  Orchids  of  New  England.    Nation,  No.  999,  pp.  163-164. 

Botanical  Notices.  L.  Lesquereuz  and  T.  P.  James,  Manual  of  the  Mosses  of 
North  America ;  H.  H.  Behr,  Synopsis  of  the  Genera  of  Vascular  Plants  near 
3axi  Francisco;  Boissier's  Flora  Orientalis,  vol.  v.  part  2;  J.  Ball,  Contributions 
bo  the  Flora  of  North  Patagonia.     Am.  J.  Sci.,  Ill,  xxvni.  155-158. 

Botanical  Notices.  [Gray's  Synoptical  Flora  of  North  America,  part  11] ;  H. 
Baldwin,  The  Orchids  of  New  England;  J.  D.  Hooker,  Students'  Flora  of  the 
British  Islands.    Am.  J.  Sci.,  Ill,  xxvni,  237-238. 

Notice  of  John  Fiske's  Destiny  of  Man  viewed  in  the  hght  of  his  Origin.     Na 
ion,  No.  1011,  p.  426. 

Botanical  Notices.  Flora  Brasiliensis,  fasc.  93 ;  F.  Parlntope,  Flora  Italiana, 
roh  VT,  part  1 ;  G.  Vasey,  Agricultural  Grasses  of  the  U.  S. ;  L.  M.  Underwood, 
Catalogue  of  North  American   Hepaticse.     Am.  J.  Sci.,  Ill,  xxviii,  402-404. 
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Botanical  Notices.  W.  Upham,  Catalogue  of  the  Flora  of  MinDesota;  6.  C.  J. 
Bohnensieg,  Rcpertoruim  AnDuum,  etc.;  J.  U.  Lloyd  &  C.  U.  Uoyd,  Drags nd 
Medicines  of  North  America.     Am.  J.  Sci.,  Ill,  xxyiii,  472-474. 

1885. 

Botanical  Notices.  C.  S.  Sargent,  Report  on  the  Forests  of  North  Aoena: 
Macoiin's  Catalogue  of  Canadian  Plants,  part  n,  Gamopetalce;  A.  de  CkodoQt. 
Histoiru  dea  Sciences  et  des  Savants  depuis  deux  Sidcles,  etc. ;  A.  W.  BcUr 
Jahrbiich  dor  Koniglichen  botanischen  Gartens  zu  Berlin,  iii;  A.  de  CtodoDe. 
Origin  of  Cultivated  Plants.     Am.  J.  Sci.,  Ill,  XHX,  264-267. 

Botanical  Notices.  C.  S.  Sargent,  Woods  of  the  IJoited  States :  F.  von  MAfla. 
Eucalyptographia ;  Marquis  de  Saporta,  Organismes  Probl^matiques  des  Anciei- 
nes  Mors ;  E.  Rochne,  Ly  tbraceas  of  the  U.  S. ;  0.  Kuntze,  Monographie  da 
QnttuDg  Clematis;  A.  Gravis,  Recherches  Anaiomiques  sur  lea  Organes  Vegetitib 
de  rUrtica  dioica;  J.  Fowler,  List  of  Plants  of  New  Brunswick ;  H.  N.  Patkenoi, 
Check-list  of  N.  American  Gamopetabe ;  C.  K.  Cummings,  Check-list  of  N.  Amflri- 
can  Mosses  and  Hepaticae ;  J.  H.  Oyster,  Catalogue  of  Phtenogams  and  Tascdir 
Cryptogams  of  N.  America.     Am.  J.  Sci.,  Ill,  xzz,  82-85. 

Notices  of  Bower  and  Vines'  Course  of  Instruction  in  Botanj,  Ghapten  on  PUnt 
Life,  Baileys  Talk's  Afield,  and  Palmer's  Charts  of  Mushrooms  of  America.  N^ 
tion,  No.  1050,  pp.  138-139. 

Botanical  Notices.  A.  Pailleux  et  D.  Bois,  Le  Potager  d'un  Ourieux;  S.Wat- 
son, Contributions  to  American  Botany,  zii,  in  Proc.  Am.  Acad.,  xx;  L.  H.  BaOer. 
Jr.,  Talks  Afield  about  Plants.     Am.  J.  Sci ,  III,  xix,  164-167. 

Botanical  Notices.  Levier,  Plantes  4  Fourmis;  IJoyd's  Drugs  and  MedidnH 
of  North  America;  Trans,  and  Proc.  New  Zealand  Inst,  xvu;  N.  L.  Britton, 
Revision  of  N.  A.  Species  of  the  Genus  Scleria;  P.  Zipperer,  Beitrag  zur  Kenot- 
niss  der  Sarraceniaceen.     Am.  J.  Sci.,  Ill,  xxx,  245-247. 

Insular  Floras.  [A  Review  of  vol.  I,  Botany,  of  the  ChaUeDger  Reports] 
Science,  vi,  297-298. 

Botanical  Notices.  J.  W.  Behrens,  The  Microscope  in  Botany,  translated  bj  A. 
B.  Hcrvey  and  R.  II.  Ward ;  Bull.  California  Acad.  Sci..  no.  3,  Botanical  Pipen 
by  Harkness,  Mrs.  Curran,  E.  L.  Greene,  eta;  H.  Trimen,  Catalogue  of  Floirer- 
ing  Plants  and  Kerns.     Am.  J.  Sci.,  Ill,  xxx,  319-322. 

BoUvnical  Notices.  Botany  of  tiie  Challenger  Expedition,  vol.  i.  Am.  J.  ScL. 
Ill,  xxx,  402-403. 

Botanical  Nolicos.  Beccari,  Malesia;  Cosson,  Illustrationos  Flora?  AUanticx; 
G.  L.  (Joodalo,  Physiological  Botany;  K.  G.  Lirapricht,  Rabenhorst's  Krypto- 
gamen-Flora  von  Doutachland.     Am.  J.  Sci.,  Ill,  xxx,  487-489. 

1886. 

Botanical  Notices.  J.  M.  Coulter,  Manual  of  the  Botany  of  the  Rocky  Moul- 
tain  Region ;  Sir  Joseph  Hooker  and  the  Royal  Gardens  at  Kew.  Am'  J.  ScL. 
Ill,  XXXI,  70-78. 

Botanical  Notices.  Flora  Brasilionsia,  fasc.  95;  T.  F.  Wood,  Sketch  of  the 
Botanical  Work  of  the  Kev.  Moses  A.  Curtis.     Am.  J.  Sci.,  Ill,  xxxi,  168-159. 

A.  De  CaudoUe  on  the  Production  by  Selection  of  a  race  of  Deaf  Mutes  in  the 
United  Suites.     Nation,  No.  1081,  pp.  239-240. 

Botanical  Notices.  .1.  Ball,  Contributions  to  the  Flora  of  the  Peruvian  Andc»; 
J,  ('.  Lecoyer,  Monographie  du  Genre  Thalictrum:  Nathorst,  Nomendatun^  ft-r 
FosBil  Leaves,  etc. ;  Wittrock,  Erythraese  KxsiccaUe,  fasc.  2 ;  F.  Buchenau,  Synop- 
sis of  European  Juucaccjc ;  F.  Pax,  on  genus  Acer ;  R  Spruce,  Ilepadcse  Acui- 
zoniciu  ot  Andine.-e.     Am.  J.  Sci.,  Ill,  XXXI,  231-238. 

Sylvan  Winter.     By  Francis  George  Heath.     Nation,  No.  1085,  p.  326. 

Botanical  Notites.  J.  V.  Lloyd,  Drugs  and  Medicines  of  North  America,  vol  i; 
II.  de  Vries,  Leerbtek  der  Planten-physiologie ;  BaUlon's  Dictionnaire  de  ]k^ 
tauicine,  fasc.  19;  Haillon's  llistoire  des  Plantes,  vol.  viii;  J.  Lami«>,  Plants 
Naturalized  m  the  Southwest  of  France.     Am.  J.  Sci.,  Ill,  xxxi,  313-316. 

Botjuucal  Notices.  Arthur,  Barnes  and  Coulter,  Handbook  of  Plant  Dissection: 
Maxiinowicz,  Diagnosis  Plantarnm  Novarum  Asiaticarum,  fasc.  6 ;  G.  Lagerheim. 
American  Desmidieae.     Am.  J.  Sci,  III,  xxxi,  477-479. 
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Botanical  Notices.  Saint  Lager,  Histoire  des  Herbiera ;  Journ.  Linn.  Soc.,  vol. 
x±ii,  containing  papers  by  Ball,  Bolus,  Henslow,  F.  Darwin,  Ridley,  Clark,  Mas- 
ters; xxiii,  papers  by  Forbes  and  Hem^ey;  Strasburger  on  Heterogeneous  Graft- 
ing.    Am.  J.  Sci.,  Ill,  XXXII,  79-81. 

Botanical  Notices.  H.  Bolus,  Sketch  of  the  Flora  of  South  Africa;  W.  B. 
Hemsley,  Catalogue  of  North's  Paintings  of  Plants;  Guide  to  the  Museums  of 
Roonomic  Botany,  Kew;  T.  Caruel,  Filippo  Parlatore,  Flora  Italiana,  vol.  vi, 
part  3 ;  Flora  Brasiliensis,  f asc.  96 ;  Hooker's  Icones  Plantarum,  vol.  xvi  and  xvii. 
Am.  J.  Sci.,  Ill,  XXXII,  164-166. 

Botanical  Notices.  Lloyd's  Drugs  and  Medicines  of  North  America;  Cypripe- 
dium  arietlnum  in  China;  Index  to  the  Botanical  Gazette;  W.  E.  Dudley,  the 
Cayuga  Flora,  part  1 ;  Catalogue  of  Plants  in  Herbarium  of  College  of  Science, 
Tokio.     Am.  J.  Sd.,  Ill,  xxxii,  244-245. 

Florida  Fruits,  and  How  to  Raise  Them.  By  Helen  Harcourt.  Nation,  No. 
1110,  p.  297. 

Botanical  Notices.  Hooker's  Flora  of  British  India,  part  13;  Yilmorin,  No- 
tice Biog^aphique  sur  Alphonse  Lavall^.     Am.  J.  Sci.,  Ill,  xxxii,  325-326. 

Botanical  Notices.  Sir  John  Lubbock,  Flowers,  Fruits  and  Leaves;  S.  H. 
Vines,  Lectures  on  the  Physiology  of  Plants:  L.  H.  Bailey,  Synopsis  of  North 
American  Carioes.     Am.  J.  Sci.,  Ill,  xxxii,  411-412. 

Botanical  Notices.  Lamarck's  Herbarium;  Kamel's  Drawing^  of  Manilla 
Plants;  Saint  Lager  on  Botanical  Nomenclature;  Sir  John  Lubbock,  Phytobio- 
logical  Observations:  Hooker's  Icoues  Plantarum,  vol.  xvi,  part  2.  Am.  J.  Sci., 
Ill,  xxxii,  485. 

Z887. 

Botanical  Notices.  Bulletin  of  the  Cong^ss  of  Botany  and  Horticulture  at  St. 
Petersburg,  containing  Notes  on  the  Genus  Lilium,  by  H.  T.  Elwes,  Lynch  on 
Cultivating  Aquatic  Plants,  Baillon  on  Fertilization  of  Ovules,  Lynch  on  tubers  of 
Thladiantha  dubia,  Wilkins  on  Peach-Htones ;  Maw's  Monograph  of  the  Genus 
Crocus;  Jahrbuch  des  KdnigL  bot.  Gartens  zu  Berlin,  bd.  iv;  J.  C.  Arthur,  His- 
tory and  Biology  of  the  Pear-blight ;  Acta  Horti  Petropolitani,  torn,  ix,  fasc.  2 ; 
Sir  Joseph  Hooker's  Primer  of  Botany ;  etc.,  etc.     Am.  J.  Sci.,  Ill,  xxxni,  80-83. 

Botanical  Notices.  E.  Loew,  Beobachtungen  iiber  den  Blumenbesuch  von  In- 
secten  iind  Frielandpflanzen  des  Botanischen  Gartens  zu  Berlin ;  Hooker's  Icones 
Plantarum,  vols.  xTi  and  xvn;  Journ.  Roy.  Hort.  Soc.,  vii,  no.  2;  Macoun's 
Catalogue  of  Canadian  Plants,  part  iii,  Apetalae.  Am.  J.  Sci.,  Ill,  xxxiil, 
162-164. 

Botanical  Notices.  Baillon's  Dictionnaire  de  Botanique,  fasc.  21 ;  Hooker's 
Icones  Plantarum,  vol.  xvn,  part  3 ;  H.  N.  Patterson,  Check-list  of  North  Ameri- 
can Plants ;  Delpino,  Prodromo  d'  una  Monografla  delle  Piante  Formicarie ;  Sil- 
phium  albiflorum  in  Bot.  Magazine;  A.  de  CandoUe  on  Origin  of  Cultivated  Spe- 
cies of  Vicia,  Triticum,  etc.     Am.  J.  Sci.,  Ill,  xxxni,  244-245. 

Botanical  Notices.  Warming,  Entomophilous  Flowers  in  Arctic  Regions ;  Flora 
Brasiliensis,  fasc.  98,  99 ;  Hooker's  Icones  Plantarum,  vol.  vi,  part  3 ;  Bentham's 
Handbook  of  the  Britisli  Flora,  fifth  ed. ;  Y.  Rattan,  Key  to  West  Coast  Botany ; 
Wood  and  McCarthy,  Wilmington  Flora ;  Cal.  State  Board  of  Forestry,  First  Re- 
port ;  Dr.  Arthur  on  Pear  Blight,  etc. ;  Sympetaleia  and  Loasella ;  Index  to  Plant 
Names.     Am.  J.  Sci.,  Ill,  xxxiu,  318-321. 

Botanical  Notices.  Penhallow  on  Tendril  Movements  in  Cucurbita;  A  Red- 
wood Reserve ;  J.  Ball,  Notes  of  a  Naturalist  in  South  America ;  E.  L.  Greene, 
Pittonia,  a  Series  of  Botanical  Papers,  vol.  i,  part  1  ;  A.  Gattinger,  The  Tennedsee 
Flora ;  Bull,  de  la  Soc.  Bot.  de  France,  vol.  xxxiii ;  Gray,  Botanical  Contributions, 
corrections;  K.  Goebel,  Outlines  of  Classification  and  Special  Morphology  of 
Plants,  translated  by  E.  F.  Gamsey,  revised  by  I.  B.  Balfour.  Am.  J.  Sci.,  Ill, 
xxxin,  425-428. 

Notice  of  Sachs'  Lectures  on  the  Physiology  of  Plants.  Nation,  No.  1161, 
p.  259. 

Notice  of  G^amsey's  Translation  of  DeBary's  Comparative  Morphology  and 
Biology  of  the  Fungi,  Mycelozoa  and  Bacteria.     Nation,  No.  1160,  p.  239. 


38 

Darwin^B  Life  and  Letters.  [Review  of  Francis  Darwin's  Life  and  Letters  of 
Charles  Darwin.]     Nation,  No.  1168,  pp.  399-402;  Na  1169,  pp.  420-421. 

Botanical  Notices.  J.  E.  Planchon,  Monographise  Phanerogamanim  Prodromi, 
vol.  V,  part  2;  Report  on  Botanical  Work  in  MinDesota  for  1886;  Bower  and 
Vines,  Practical  Instruction  in  Botanj ;  W.  J.  Beal,  Grasses  of  N.  A. ;  Radlkofw, 
Seijania  Sapindacearum  Gtenus  monographice  descriptum;  Braithwaite's  Brittgb 
Moss  Flora ;  E.  L.  Greene,  Pittonia ;  A.  B.  Langlois,  Catalogue  dea  Plaotes  de  b 
Basse  Louisiana ;  D.  H.  Campbell,  Development  of  the  Ostrich  Fern.  Am.  J.  Sd, 
IIT,  XIXIV,  490-494. 


III.  Biographical  Sketches,  Obituaries,  Necrological 

Notices,  Etc. 

Z842. 

Botanical  Necrology,  etc.  Notices  of  the  deaths  of  Lambert,  GiiillemiD,  Togel, 
Amos  EatoD,  etc.     Am.  J.  Sci.,  zuii,  214-216. ' 

1843. 

Notice  of  the  Life  and  Labors  of  DeCandolle :  extracted  [and  translated]  from 
the  address  delivered  before  the  Roval  Botanical  Society  of  Ratisbon  at  its  meet- 
ing on  the  28th  of  NovembeK  1841,  bj  the  President,  Prof,  von  Martius.  Am. 
J.  Sci.,  ILIV,  217-239. 

1852. 

Botanical  Necrology  for   1849-50-51.      Link,   Kuuth,   Hoffmanseg^,   Hon- 
schuch,  Bernhardi,   Koch,  Sturm,  Schauer,  Kunze,  Ledobour,   Wahlenberg.  B. 
^   Delessert.     Am.  J.  Sci.,  11,  xni,  44,  45,  48. 

1853. 

Botanical  Necrology  for  1852-53.  A.  de  Jussieu,  M.  A.  Richard,  PresL 
Am.  J.  Sci.,  II,  XVI,  426-427. 

1854. 

Obituary  Notices  of  Dr.  Wallich  and  Prof.  Reinwardt.  Am.  J.  Sci.,  II,  irni, 
133. 

Botanical  Necrology  for  1854.  Fischer,  Moricand,  P.  B.  Webb,  King  of  Saxony. 
Am.  J.  Sci.,  II,  XVIII,  420. 

1855. 

Botanical  Necrology.  Winterbottom,  Stocks,  Bischoff.  Am.  J.  Sci.,  II,  xix, 
129. 

Hotanical  Necrology  for  1854-55.  Dr.  Molkenboer  and  C.  A.  Meyer.  Am.  J. 
Sci.,  II,  XX,  135. 

1856. 

Obituary  Notice  of  Francois  Andr<$  Michaux.     Am.  J.  Sci.,  IT,  xxn,  137-138. 

1857. 

Botanical  Necrology  for  1856.  Wikstrom,  von  Steudel,  Don,  Bojer,  Dozy,  Leib- 
mann,  Dunal.     Am.  J.  Sci.,  II,  xxiii,  279. 

1858. 

Botanical  Necrology  for  1857.  C.  G.  de  Buzareingues,  A.  N.  Desvaux,  E.  Des-' 
vaux,  F.  W.  Wallroth,  Targioai-Tozotti,  W.  G.  Tilesius,  L.  W.  Dlllwyn.  H.  D.  A. 
Ficinua,  M.  Graves,  Madame  de  Jussieu,  Mrs.  Griffiths,  J.  F.  Royle.  Am.  J.  Sci,. 
II,  XXV,  203-294. 

Oliitiiar'y  of  Robert  Brown.  [In  part  from  the  Athenaeum  of  June,  1858.] 
Am.  J.  Sci.,  II,  XXVI,  279-283. 
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x8S9. 

Botanical  Necrology  for  1858.  B.  Biasoletto,  A.  BoDpland,  R.  Brown,  G.  A. 
Eiaengrein,  H.  Galeotti,  W.  T.  Gumbell,  Mrs.  Loudon,  E.  H.  F.  Meyer,  0.  F.  A. 
Morren,  J.  B.  Mougeot,  C.  G.  Nees  von  Esenbeck,  D.  Townsend,  D.  Tiwner,  C. 
Zeyher.     Am.  J.  Sd.,  II,  xxvn,  442-443. 

Obituary  Notice  of  Nuttall  and  Dr.  Horafield.     Am.  J.  Sci.,  II,  xxviii,  444. 

z86o. 

Botanical  Necrology  for  1869.  C.  A.  Agardh,  A.  Henfrey,  T.  Horafield,  A.  L. 
S.  Lejune,  T.  Nuttall.     Am.  J.  Sci.,  II,  xxix,  441-442.  *, 

1862. 

Botanical  Necrology  for  1861.  F.  Deppe,  A.  E.  Furnrohr,  H.  von  Donners- 
marck.  J.  S.  Henalow,  Prince  Salm-Dyck,  M.  Tenore,  J.  M.  C.  Marquis  de  Tristan, 
G.  W^  F.  Wenderoth,  R.  B.  Van  den  Bosch,  W.  H.  DeVriese,  C.  L.  Blume,  E. 
James.     Ara.  J.  Sci.,  II,  xxxiii,  427-428. 

X863. 

Botanical  Necrology,  1862.  Blytt,  Borrer,  Mackay,  von  Kieser,  Steetz,  Twee- 
die,  Benj.  D.  Greene,  Asabel  Clapp,  M.  C.  Leavenworth,  C.  W.  Short.  Am.  J. 
Sci.,  II,  XXXV,  449-461. 

1864. 

Botanical  Necrology  for  1863.  Martens,  von  Steven,  Moquin-Tandon,  Francis 
Boott,  Jacques  Gay.     Am.  J.  Sci.,  II,  xx.wii,  288-292. 

1866. 

Sir  William  Jackson  Hooker.    Am.  J.  Sci.,  II,  xli,  1-10. 

Botanical  Necrology  for  1864  and  1866.  Lessing,  Turczaninow,  Cruger,  Jung- 
huhn,  Treviranus,  Scbacht,  Scheele,  Sturm,  Falconer,  Scbomburgk,  Schott,  Pazton, 
Richardson,  Cuming,  Bridges,  Hooker,  Lindley,  Riddell,  Montague.  An\.  J.  Sci., 
II,  XLI,  263-268. 

Botanical  Necrology.  William  Henry  Harvey,  Robert  Kaye  Greville.  Am.  J. 
Sci.,  II,  XLii,  273-277. 

z868. 

Botanical  Necrology  for  1867.  H.  P.  Sartwell,  Chester  Dewey,  Mettenius,  von 
Schlechtendal,  Kotschy,  Gasparriui,  Berg,  Mandon,  C.  H.  Scliultz,  Daubeny.  Am. 
J.  Sci.,  II,  XLV,  121-124,  272-273. 

Obituary  Notice  of  N.  B.  Ward  and  G.  A.  W.  Arnott.  Am.  J.  Sci.,  II,  XLVi, 
273. 

Z869. 

Botanical  Necrology  for  1868.  G.  A.  Walker- Arnott,  Nathaniel  B.  Ward, 
Edward  Poeppig,  Dr.  Schnitzlein,  Frangois  Delessert,  Horace  Mann.  Am.  J.  Sci., 
II,  XLvn,  140-143. 

1870. 

Botanical  Necrology  for  1869.  Antonio  Bertoloni,  Guiseppe  Moris,  J.  E.  Pur- 
kinje.     Am.  J.  Sci.,  II,  xlix,  129. 

Obituary  Notice  of  Prof.  Francis  Unger.     Am.  J.  Sci.,  II,  XLix,  410. 

1872. 

Botonical  Necrology,  1870-1871.  Unger,  Leveilld,  Perottet.  C.  Miiller,  Ruprocht, 
von  Hugel,  Anderson,  Miquel,  Lantzius-Beninga,  Schultz-Schultzonstein,  Wilson, 
Hartweg,  Rohrbach,  Milde,  de  la  Sagra,  Locoq,  Reissek,  Sowerby,  Seemann, 
Leuormaud.    Am.  J.  Sci.,  Ill,  iii,  162-164. 
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x873. 

Botanical  Necrology  for  1872-t3.  M.  A.  Curtis,  A.  P.  Spring,  Hugo  tod 
Mohl,  de  Brebisson,  R.  Wight,  Renter,  Oersted,  Oris,  Welwitsch.  Am.  J.  Sd.. 
Ill,  V,  391-397. 

John  Torrey;  A  Biographical  Notice.  Proc.  Am.  Acad.,  ix,  262-271.  [Am.  J. 
Sci.,  m,  V,  411-421.] 

Obituary  Notice  of  John  Torrey.     Nation,  No.  403,  p.  1 97. 

William  S.  SuUivant;  A  Biographical  Notice.  Proc.  Am.  Acad.,  ix,  271-276. 
[Am.  J.  Sci.,  Ill,  VI,  1-6.] 

Obituary  Notice  of  Elias  Durand.     Am.  J.  Sci.,  Ill,  vi,  316-317. 

Louis  Agassiz.     Nation,  1873,  404-405. 

X874. 

Botanical  Necrology  for  1873.  John  Torrey,  W.  S.  Sullivant,  E.  Durand,  J.  L. 
Russell,  H  J.  Clark,  I.  P.  Holton.    Am.  J.  Sci.,  Ill,  vn,  239-240. 

Notice  of  death  of  Joshua  Hoopes.     Am.  J.  Sci.,  Ill,  Yii,  600. 

Death  of  Prof.  C.  F.  Meissner.     Am.  J.  Sci.,  Ill,  vra,  72. 

Obituary.     Death  of  Prof.  Jefifries  Wyman.     Am.  J.  Sci.,  Ill,  vni,  323-324. 

Jeffries  Wyman.  Memorial  Meeting  of  the  Boston  Society  of  Natural  History, 
October  7,  1874.  Address  of  Prof.  Asa  Grav,  pp.  9-37.  [Am.  J.  Sd.,  Ill,  n 
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Obituary  Jjoticcs  of  Lady  Smith  and  Joseph  de  Notaris.  Am.  J.  Sci.,  Ill,  xnu 
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Acad.,  XIII,  441-454. 

1879. 

Biographical  Memoir  of  Joseph  Henry,  prepared  in  behalf  of  the  Board  of  Re- 
j^ents.  Smithsonian  Report  for  1878,  pp.  143-158;  Congressional  Record,  Mar.  4. 
1879,  3-10. 
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.  J.  Angstrom,  H.  W.  Buek,  H.  G.  L.  Reichenbach,  H.  R.  A.  Grisebach, 
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3al  Necrology  for  1880.    John  Carey,  Coe  F.  Austin.     Am.  J.  Sci.,  Ill, 
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ilip  Schimper,  Nils  J.  Andersson,  Wm.  Munro,  Dominique  Alexander 
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1885. 
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cal  Necrology  for  1884.     Augustus  Fendler,  George  Bngelmann,  S.  B. 
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1886. 

cal  Necrology  for  1885.     Charles  Wright,  G.  W.  Clinton,  E.  Boissier,  J. 

eper.     Am.  J.  Sci.,  Ill,  xxxi,  12-22. 

cal  Necrology  for  1885.    Jean-Ktienne  Duby,  L.  R.  and  C.  Tulasne.     Am. 

II,  XXXI,  312-313. 

Agassiz.    Andover  Review,  Jan.,  38-44. 
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z888. 

Botanical  Necrology  for  the  year  1887.— W.  E.  Tolmie;  John  Goldie:  ilher 
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Sci.,  Ill,  XXXV,  260-263. 
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iacesB,  Miers,  II,  1876. 

II,  1858. 

.  G.,  Ill,  1876. 

ohn.  Memorial  of,  II,  1 860. 

ima,  Torrey,  II,  1853. 

),  Hiem,  II,  1871. 

.,  II,  1876,  '87. 

r  fertilized,  I,  1876. 

,  Gnetum  Gnemon,  II,  1877  ; 

II,  1879,  '84,  '85. 

6. 

Voyage,  Hooker  and  Amott, 

H.,  San  Francisco,  II,  1884; 
ogg.  Anemone  Grayi,  11, 1884. 
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Berg,  in,  1868. 

Berkeley,  M.  J.,  II,  1857 ;  Gryptogamic 
Botaoy,  II,  1857 ;  Tuberiform  produc- 
tions from  China,  II,  1859. 

Berkeley,  M.  J.,  and  M.  A.  Curtis,  Ex- 
otic Fungi,  II,  1863. 

Bemhardi,  III,  1852. 

Bertolini,  Antouio,  III,  1870;  Miscel- 
lanea, n,  1862,  '65,  '67. 

Bessey,  C.  E.,  Botany,  II,  1880. 

BetulacesB,  Regel,  II,  1862. 

Biasoletto,  B.,  Ill,  1869. 

Bibliography,  Pritzel,  11,  1862;  see 
Literature ;  Bibliographical  Index, 
Watson,  U,  1878. 

Bigelow,  J.,  Ill,  1879,  '80. 

Bignoniaceee,  I,  1867;  Bureau,  1870. 

Biology,  Cook,  II,  1878. 

Birds,  Coues,  II,  1884. 

Bischoff,  G.  W.,  Ill,  1865;  Lehrbuch, 
II,  1843. 

Black  Hills,  I,  1 880. 

Black  Knot,  Farlow,  II,  1876. 

Blackie,  II,  1861. 
jBloxam,  A.,  Ill,  1879. 
I  Blume,  C.  L..  II,  1852,  III,*  1862. 

Blytt,  A.,  Ill,  1863;  Norwegian  Flora, 

II,  1876. 
I  Boeckelor.  Scirpeae,  II,  1870. 

Bohnensiee:,  G.  C.  W.,  Literature,  II, 
1877.  '78,  '82,  '84. 

Bois,  D.,  see  Pailleux. 

Boissier,  E.,  Ill,  1886;  Icones  Euphor- 
biarum,  II,  1866:  Flora  Orientalis, 
II,  1867,  '73,  '76,  '79,  '84;  Diagnoses, 
II,  1852. 

Bojer,  III,  1857. 

Bolivaria,  I,  1852. 

Bolander,  H   N.,  collections  by,  I,  1868. 

Bolus,  *H.,  Flora  of  South   Africa,  II, 

1886. 
j  Bonite,  Voyage  of  the,  II,  1852, 

'  Bonnier,  G..  see  Van  Tieghem. 

I  Bonpland,  A.,  Ill,  1859. 

;  Bonplandia,  II,  1 864. 

I  Boott,  F.,  Ill,   1864;    Carex.  II,   1868, 
'61,  '62,  '68. 

Boott,  W.,  Ill,  1888. 

Bornet,  E.,  on  Decaisne,  II,  1883; 
Thuret,  II,  1876;  Lichenes,  II,  1873; 
Nostochineje,  II,  1876. 

Borraginaceae,  I,  1874,  '76,  '8G. 

Borodin,  Chlorophyll,  II,  1871. 

Borrer,  III,  1863. 

Borszczow,  E.,  Ill,  1879. 

Boston,  Flora  of,  I,  1880;  Fungi,  Far- 
low,  II,  1876,  '78;  Nat  Hist.  Soc., 
address,  Teschemacher,  II,  1841. 

Botany,  Bessey,  II,  1880;  Bower  and 
Vines,  II,  1885,  '87;  Elliott,  I,  1877: 
LeMaout  and  Decaisne,  II,  1868,  '73. 


Botanic  garden.  T,  1875. 

Botanical  Club,  letters  to  the,  I,  1886; 

Gazette,  Ck>ulter.  II.  1880/86;  Maga- 
zine, II,  1847;  Teacher,  Johnson  and 

Eaton,  n,  1841. 
Botaniscbe  Zeitung,  II,  1843,  '54. 
Botryopteris  Forensis,  Renault,  II,  1876. 
Botrychium,   Davenport,   II,    1878;    B. 

simplex,  I,  1875. 
Boundary,  British,  II,   1864;  Mexican, 

see  U.  S.  Govt 
Bourgeau,  K.,  Ill,  1878. 
Boussingault,   II,    1863;    Nitrogen,   II, 

1855,  '58 ;  Action  of  Foliage,  n.  1866. 
Bower  and  Vines,  Practical  Botany,  II, 

1885,  '87. 
Bowerbank,  Spongiadie,  II,  1858. 
Bowman,  J.  E.,  Fossil  Infusoria,  II,  1841. 
Braithwaite,  R.,  British  Moss  Flora,  II, 

1881,  '87. 
Brand,  Iodine  in  Plants,  II,  1 843. 
Brandegee,  T.  S.,  Colorado,  II,  1876. 
Brandis,  D.,  see  Stewart,  J.  L. 
Braun,  III,  1877,  '78;  Algae,  II,  1856; 

Isoetes,  II,  1870;  Marsilia  and  Pilu- 

laria,  II,  1864,  '71,  '73;  Polyembryo- 

nie,  U,  1861. 
Brazil,  Smith,  11,  1880;  see  Martins. 
Brebisson,  III,  1873. 
Bree,  C.  R.,  Species  not  transmutable, 

II,  1861. 
Brendel,  Flora  Peoriana,  II,  1883. 
Bretschneider,  Chinese  Botany,  II,  1871. 
Brewer,  W.  H.,  collections  by,  1,  1865,  !  Cailletet,  absorption  by  leaves,  II,  1S« 


Browallia  elata,  fertilization  of,  1, 18". 
Browne,  D.   J.,    trees  of  America.  IL 

1846. 
Bninet,   elements,  II,    1870;   Michaui 

II,  1864;  woods  of  Canada,  IL  I S6T 
Bryineee,  Lindberg,  II,  1878. 
Bryology,  N.   W.  America,  Mitten,  n 

1864. 
Buchenan,  F.,  Juneacece,  II,  1875,  §6. 
Buckley,  Arabella  B.,  Fairyland  of  sci- 
ence, II,  1879. 
Buckley,   S.   B.,  Ill,    1885;    Texas,  L 

1862. 
Buckleya,  I.  1854. 
Buek,  H.  W.,  m,  1879,  '80;  Index  to 

Prodromus,  II.  1841,  '43.  '60. 
Buffalo  plants.  Day,  II,  1884. 
Bunbury,   C.    J.    F.,    II,    1856;  Frag- 

menta,  11,  1884. 
Bunge,  Astragalus,  II,  1870;  CousiQia. 

n,  1866. 
Burck,  W.,  II,  1878;  see  Bohnenaieg. 
Burma,  forests,  Eurz,  II,  1878. 
Bureau,  E.,  Bignoniaceie,  11,  1870;  IE 

1876. 
Burs,  I,  1876. 

Bush  and  Son,  cat  g^pe  vines,  IL  1^^^ 
Bussey  Institution,  Bulletin,  II,  1876. 
Butterflies,  trapping  of,  I,  1880. 
Buzareingues,  C.  G.  de,  III,  1858. 

Caetacea?,  Engelmann,  II,  1857. 
Cselebogyne,  Braun,  II,  1861. 


Calamagrostis,  I,  1862. 

Calliachyris,  I,  1844. 

California,  Acad.  Sci.  BulL,  IL  l-^-^. 
'85;  age  of  trees,  I,  1854,  '5T:  bot- 
any of,  1868,  '76;  collections  from. 
L  1859,  '65,  '67,  '85;  diseases  of 
olive  trees,  Farlow,  II,  1876:  G^mo- 
petalae,  I,  1876;  Flora,  Rattan,  II. 
1879,  '82;  see  Rattan;  forestry.  II. 
1887;  mammoth  trees,  I,  1854;  uev 
Compositae,  I,  1844;  new  species.  I. 
1868,  '76;  weeds,  I,  1879. 
Moss-flora,  Braithwaite,  II,  California,  Lower,  I,  1861. 
'87  :  Museums,  I,   1859;   Plant  |  Calluna  Atlantica,  I,  1861 ;  C.  vulgari?.  I. 


'68. 

Brewer  and  Watson,  Botany  of  Califor- 
nia, II,  1876. 

Breweria  minima,  I,  1884. 

Bridges,  III,  1866. 

Briosi,  G  ,  Embrioni  vegetali,  II,   1882. 

Britain,  Alga),  Gray,  II,  1866,  Har- 
vey, II,  1852;  Association,  11,  1874, 
Address  to,  I,  1884;  Flora,  see 
BabiogtoD,  Bentham,  Hooker;  Fossil 
flora,  see  paleontology;  Fungi,  Cooke, 
II,  1872;  Wild-flowers,  Lubbock,  II, 
1875: 
1881, 


names,  Karle  II,  1881,  Prior,  II,  1864, 

'71,  '80. 
BrittoD,  N.  L.,  Seleria,  II,  1885. 
Bromfield,  W.  A.,  Flora  A^ectensis,  II, 

1857. 
Brongniart,  A.  T.,  Ill,  1870, '77;  stnict- 

uro  of  cone,   II,    1873;  fossil  fruits, 

II,  1876. 
Brooks,  W.  K.,  heredity,  II,  1884. 
Brown,  Robert,  III,   1858,  '59;   eulogy 

by    Marlius,    II.    1851);    Works,    II, 

18G7,  "08,  '70;  first  paper,  II,  1872; 

see  Horsfield. 


1861,  '76;  Lawson,  IL  1877. 
Campanula,  duplicate  corolla,   L   1^'^^ 

how  fertilized,  I,  1876. 
Campbell,  D.  H.,  Ostrich  Fern,  IL  ISn. 
Camphor-tree,  Junghuhn  and  De  Vrie-e, 

II,  1852. 
Canada,  Botanical  Society,  II,  1861,  '6' 

Cat.    plants,    Curliss,    il,    1873,  Ma- 

coun,     II,     1878,     '85,     '87;     floni. 

Provancher,    II,    1863;     RanuncuU- 

ceifi,    Lawson,   II,    1871;    woods,  II. 

1867. 
Canary  plants,  Webb,  II,  1 852. 


I,  1876. 

Good  Hope,  see  Africa,  South, 

arvey. 

Q  Lucas,  I,  1861. 

ation,  I,  1887. 

laceae,  I,  1884. 

A.  K.,  n,  1878. 

:  acid,  decomposition  bj  leaves, 
63 ;  from  roots,  Wiegmann  and 
>rff,  II,  1843. 

•alley,  II,  1886 ;   Mexican  bound- 

[,  1862;  illustrations,  Boott,  II, 

'61,  '62,  '68;  Schkuhr,  Kunze, 

Ml,   '43,   '52;    Tuckerman,   II, 

perigynium  and  seta,  McNab 
)yer,  II,   1874;  G.  gracilis  and 
acea,  I,  1847. 
ohn,  III,  1880,  '84. 
,  Grisebach,  II,  1858. 
•ous  plants,  I,  1879,  '80;  Beal, 
76;  Hooker,  II,  1874;  see  Fly 
oth. 

,  fungi,  Ravenel,  II,  1852,  '53, 
^orth.  I,  1842,  '79;  plants,  Cur- 
,  1860. 

)r,  variation.  II,  1884. 
J.,  UI,  1877. 

T.,  II,  1860;   Nuovo  Giomale. 
76;  Taxonomy,  II,  1884. 
T.,    and  Parlatore,  Flora  Ital- 
II,  1886. 

R.,  Hydrilleae,  II,  1857. 
kntham,  II,  1872. 
le,  Grisebach,  II,  1867 ;  Mosses 
lepaticae,  Oummings.  U,   1885; 
r,  II,  1885;  Patterson,  II,  1885, 
Trimen,    II,    1885;    Plants    in 
}  Manual,  II,   1859;  see  names 
hors  and  geographical  names. 
s  Flora,  Ruprecht,  II,  1870. 
lora,  Dudley,  II,  1886. 
as,  Watson,  II,  1875. 

Lebanon,  I,  1865. 
jky,  L.,  gymnospermy,  II,  1879. 
18.  new  Analogy,  II,  1882. 
hi,  II,  1853;  Schacht,  11,  1853; 
I,  II,  1850. 
}.  Mohl,  II,  1853. 
America,  see  America,  Central, 
egia,  I,  1857. 
lyllaceae.  I,  1837. 
..,  lU,  1884. 

Flora,  Darlington,  II,  1853. 
see  Thwaites. 
er  expedition,  11,  1885. 
3,    A.    W..    Flora   of   Southern 
,  II,  1860,  '83. 

e,  Allen,  II.  1879,  '82;  Wall- 
[I,  1858. 

alcareous,  IT,  1873. 
I  Islands,  Mueller,  II,  1866. 


Chatin,  Yallisneria  spiralis,  II,  1857. 
Check-list,  see  catalogue. 
Cheilanthes  Alabamensis,  I,  1876. 
Ohemista*y  of  vegetation,  I,  1845. 
Chenopodiaoese,      Moquin-Tandon,     II, 

1841;    Watson,  II,  1874. 
Chihuahua,    collectioas  from,   I,    1886, 

'87 ;  see  Mexico. 
Child,  production  of  organisms  in  closed 

vessels,  II,  1865. 
Chili.  Flora,  Gay,  II,  1852. 
China,  Botany,  Bretschneider,  II,  1871; 

Cypripedium    arietinum,     II,    1886; 

Expedition  to  China  Seas,  I,    1857; 

Gymnocladus,  II,    1876;   rice   paper 

plant,  Hooker,  II,  1852;    tuberiform 

productions,  Berkeley,  II,  1859;  Veg- 
etable, Kan-sun,  II,  1872. 
Chlorodictyon,  Agardh,  II,  1873. 
Chlorophyll,  Mohl,  11,  1855;  under  sun- 
light,   Borodin,     II,     1871;     grains, 

starch  in,  II.  1875. 
Chloris    Andina,    Weddell,    II,    1862; 

Boreali- Americana,  I,  1846. 
Choisy,  II,  1857*  Convolvulacese,  Cus- 

cuta,  II,  1842. 
Chorizanthe,  Parry,  II,  1884. 
Christian  evidences,  see  religion. 
Chrysogonum  Yirginianum,  I,  1882. 
Chrysocoptis,  I,  1887. 
Church,  on  life,  II,  1878;   on  Francis 

Bacon,  II,  1884. 
Cinchona,  Weddell,  II,  1852. 
Cincinnati  plants,  Lioa,  II,  1849. 
Circulation  of  sap,  Hoffinann,  II,  1853. 
Ciadrastis  lutea,  I,  1865. 
Clapp,  Asahel,  III,  1863. 
Clarke,  C.  B.,  II,  1886;  Commeiynacesb, 

II,  1870, '75;  Cyrtand raceae,  II,  1875; 

Compositse,    II,    1876;    Cyperus,   II, 

1884. 
Clark,  F.   C,  Instinct  and  reason,   II, 

1879. 
Clark,  H.  J.,  Ill,  1874. 
ClassiQcation  and  morphology,  Goebel, 

II,  1887. 
Clavaud,  Flore  de  la  Gironde,  II,  1882. 
Claytonia,  dimorphism  in,  I,  1876. 
Cleistogamy,  I,  1873;  in  Impatiens,  II, 

1877. 

Clematis,    I,    1881;    Kuntze,  II,    1885; 

Megalanthes,  Lavall^,  II,  1884. 
Clerodendron,  how  fertilized,   I,  1876; 

C.  Thompaona),  I,  1867. 
Cleveland,  H.  W.  &,  trees,  II,  1882. 
Climate,  Sian  Francisco,  Cooper,  II,  1874. 
Climatology,  Grisebach,  II,  1872. 
Climbing  plants,  I,   1872;    Darwin,   II, 

1865,  '66,  '76. 
CUnton,  G.  W.,  Ill,  1885,  '86. 
Clitoria,  Bentham,  II,  1857. 
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Clover,  fertilization,  I,  1876. 

Cocks,  II,  1860. 

Cogniaiix,  A.,  nomenclature,  II,  1877. 

Colden,  correspondence  of,  I,  1843. 

Collections,  II,  1843. 

Collectors'  Handbook,  Bailey.  II,  1882. 

Collinson,  correspondence,  I,  1843. 

Colorado,  collections  from,  I,  1863,  '78; 

Flora,  Brandegee,  II,  1876;  Colorado 

river  of  the  West,  I,  1860. 
Coloration,  I,  1876. 
Colors  of  flowers,  Allen,  II,  1883. 
Columbia,  Flora,  Karsten,  II,  1861. 
Columbia,  British,  Macoun,  II,  1877. 
Comandra  umbellata,  I,  1853. 
Comber,    T.,   geographical   statistics  of 

European  flora,  II,  1877. 
Commander  Islands,  collections  from,  I, 

1886. 
Commeljnaceje,  Clarke,  1870, '75;  Hass- 

karl,  II,  1870. 
Common  plants,  Goodale,  II,  1879. 
Compass  plant,  II,  1882. 
Compositae,   I,   1852,  'J4,  '80, '84;  An- 

cistropbora,    1,    1859 ;    Australian,  I, 

1852;    Baillon,    II,  1882;    Bentham, 

II,     1873;    Eupatoriacetfi,     I,     1861; 

Gnaphalioid,  I,  1851 :  How  fertilized, 

I,  1876;  India,  Qarke,  II,  1876; 
Mexican  boundary,  I,  1 859 ;  new 
genera,  I,  1844,  '73 ;  new  species,  I, 
1879;  Pacific  R.  R.  Survey,  I,  1857; 
Sandwich  Islands.  I,  1849;  South 
Pacific,  I,  1861  ;  Texas,  I,  1846. 

Corastock,   T.  B.,    Utricularia    vulgaris, 

II,  1876. 
Condurango,  I,  1883. 
Congress,  St.  Petersburg,  II,  1887. 
Coniferffi,    Celakovsky,  II,   1879;  Cone, 

Brongniart,  II,  1873;  Endlicher,  IT, 
1850;  Engelmanu,  II.  1879;  Fertili- 
zation, Delpino,  II,  1872;  Gray,  IT, 
1879;  Gymuosperniv.  1,  1879;  Van 
Tieghem,   II,  1872  : 'Veitch,  II,  1882. 

Conspectus,  Nymaii,  II,  1879. 

Contributions,  I.  1870, '72, '74, '76,  '78, 
'79.  '80,  '82,  '83,  '85.  '88;  Gray,  II, 
1871,  '76,  '82.  '87;  Miers,  II.  1872; 
Watson,  II,  1874,  '76,  '79.  '82,  '83,  '85. 

Convolvulaceie.  Choisy,  II,  1842. 

Cook.  Biology,  II,  1878. 

Cooke,  M.  C,  British  Fungi,  II,  1872; 
Fungi,  II,  1875;  Cooke  and  Peck, 
Krysiphei,  II,   1872. 

Cooper.  J.  G.,  influence  of  climate,  II, 
1874;  distribution  of  trees,  II,  I860; 
see  U.  S.  Govt. 

Coptic,  I,  1887. 

Corda,  A.  J.  C.  fecundation,  I,  1837. 

Coriaria,  Maximowicz.  II,  1882;  C. 
thymifoha,  II,  1864. 


Cork,  De  Candolle,  II,  1862. 

Corydalis  aurea,  I,  1886. 

Cosson,  E.,   Flora  Atlantica,  II,  I8$3. 

'85. 
Cosson  and  G.  de  Saint  Pierre,  Flore  de 

Paris,  II,  1883. 
Cotton,  Parlatore,  II,  1867;  Todaro,!!. 

1878. 
Coulter,   J.    M.,  Botanical  Gazette.  VL 

1880;   Botany  of  Rocky  Mountains, 

II,  1886;  see  Arthur. 
Cousinia,  Bunge,  II,  1866. 
Coues,    Elliott,    Birds,   II,   1884;  Life, 

II,  1884. 
Crawe,  Dr.  J.  B.,  I,  1834. 
Crazy-weed,  I,  1878. 
Creation,  II,  1846. 
Creed  of  Science,  see  Religion. 
Cr^pin,    Belgian    botanists,   II,    1878; 

Rosa,  II,  1873,  '76. 
Crocker,  II,  1861. 
Crocus,  Maw,  II,  1887. 
Croomia,  I,  1859. 

Crops,  how  feed,  Johnson,  II,  1870. 
Cross-fertilization,  see  fertilization. 
Cruciferaj,  Foumier,  11,  1866. 
Cruger,    III,     1866;     Monoootyledonie 

Epigyuae,  IF,  1853. 
Cryptogams,  works  of  various  authors, 

II,  1852:  Berkeley,  II,  1857;  Sexual 

reproduction,  Thurot,  II,  1855;  This- 

tieton  Dyer,  IT,  1875. 
Cuba.    Richard,    IT,   1852;    Wright,  IL 

1860;  Catalogue.  Grisebach,  II.  1867: 

Lichens.   Tuckerman,  II,  1864;  Mos- 
ses, Wright.  II,  1862;  Orchids,  LiDd- 

ley,  II,  1858. 
Cucurbita,    Naudin,    II,     1857;    leudril 

movements,  Penhallow.  II,  1887. 
Cultivated  plants,  De  Candolle,  II.  1SS3. 

'85,  '87. 
(fuming.  III,  1866. 
Cummings,  C.  E.,  Mosses  and  Hepatict. 

II.  18«5. 
Cupulifene,  Oersted,  II,  1871. 
Curran,  II,  1885. 
Currey,  II,  1857. 
Curtis,  M.  A.,  Ill,  1873  ;  escident  Fungi 

II,     1866;     Herbarium.      II,     1S72: 

Plants  of  North    Carolina,  II,   1S60: 

Sketch     by    Wood,    II,    1886;    ^jee 

Berkeley. 
Curtiss,  A.  n.,  IT,  1878;  Catalogue.  II. 

1873. 
Cuscuta,  Choisy,  II,   1842;  Engelmann. 

II,  1860. 
Cycadacefe.  Van  Tieghem,  IT,  1872 
Cvclopaedia,  Johnson's,  I,  1874. 
Cydosis,  II,  1874. 
Cynomorium    coccineum,    Weddell.   H. 

1862. 


Cyperaoeae,    I,   1834;    Cjperus,    India, 

Clarke,  II,  1884. 
Cypress,  I,  1885. 
Cypripedium  acaule,  I,  1873;  C.  arieti- 

num,  II,  1886;  C.  caudidum,  dimerous, 

I,  1866;  fertilization,  I.  1876. 
Cyrtandracese,  Clarke,  II,  1875. 

Dslbergiese,  Bentham,  II,  1860. 
Dana,  J.  D.,  Manual  of  Geology,  II,  1874. 
D'Anvers,  N.,  Science  Ladders,  II,  1884. 
Darby,  J.,  Ill,  1878;   Southern  States, 

II,  1841,  '55. 
Darbya,  I,  1846. 

Darlington,  W.,  II,  1863;  Bartram  and 
Marshall,  II,  1850;  Flora  Cestrica,  II, 
1853;  Graminese,  II,  1841:  Reliquiee 
Baldwinianae,  II,  1843  ;  Weeds  and 
Useful  Plants,  II,  1859. 

Darlingtonia,  I,  1863;  Torrey,  II,  1863. 

Darwin,  C,  II,  1862,  III,  1874,  '82,  '84; 
Life  and  Letters.  II,  1887;  Climbing 
Plants,  II,  1865,  '66,  '76;  Descent  of 
Man,  II,  1871 ;  Dimorphism,  II,  1862, 
'78:  Domestication,  II,  1868;  Fertil- 
ization, I,  1877 ;  Fertilization  of  Or- 
chids, II,  1862,  '70;  Insectivorous 
Plants,  II,  1876;  Movements,  H,  1881; 
Natural  Selection,  IT,  1 860 ;  Origin  of 
Species,  I,  1860,11,1860;  Does  6ea 
water  kill  seeds?  II,  1855. 

Darwin,  F.,  II,  1886;  Drosera,  II,  1879; 
Light  on  Leaves,  II,  1882. 

Darwiniana,  I,  1876. 

Darwinism,  I,  1876;  Attitude  of  work- 
ing naturalists  towards,  II,  1873 ; 
German,  II,  1875;  Hodges,  II,  1874; 
O'Neill,  n,  1880;  Shepherd,  II,  1884; 
St.  Clair,  II,  1874. 

Datura,  I,  1859. 

Daubeny,  III,  1868;  Ozone,  II,  1867; 
Trees  and  Shrubs  of  the  Ancients,  II, 
1866. 

Davenport,  G.  E.,  Botrychium  simplex, 
II,  1878. 

Davy,  K.,  Taking  of  Arsenic  by  Plants, 
II,  1859. 

Dawson,  J.  W.,  address,  II,  1874;  Earth 
and  Man,  II,  1873. 

Day,  D.  F.,  Buffalo  Plants,  II,  1884. 

Deaf  Mutes,  DeCandolle,  II,  1886. 

DeBary,  Fungi,  Mycetozoa  and  Bacteria, 
II   1887. 

Decaisne,  J.,  II,  1852,  III,  1882,  '84; 
Bomet,  II,  1883;  Eryngium,  II.  1874; 
Pear,  IL  1858;  Pomacese,  IT,  1875; 
Pyrus,  n,  1872;  Wellingtonia,  II, 
1855;  see  LeMaout. 

OeCandoUe,  A.  P.,  Ill,  1843 ;  Memoirs 
et  Souvenirs  de,  II,  1863;  Th^rie 
£l^mentaire,  II,  1845. 


DeCandolle,  A.  P.  and  A..  Prodromus, 
n,  1843-'45,  '48,  '49,  '52,  '54,  '67,  '58, 
'62,  '64-'68,  '70,  '74;  Index,  Buck, 
1841,  '43,  '60. 

DeCandolle,  A.,  Agassiz,  11,  1875 ;  Cul- 
tivated Plants,  II,  1883,  '85;  Deaf 
Mutes,  II,  1886;  G^graphique  Bo- 
tanique,  11,  1856 ;  Histoire  des 
Science,  n,  1873,  '85;  Nomenclature, 
II,  1867,  '70,  '83;  Phytography,  IT, 
1880;  Fruit  of  Oaks,  II,  1863;  Phys- 
iological Groups,  U.  1874;  Tempera- 
ture and  Altitude,  II,  1875 ;  Varia- 
tion, Distribution  and  Succession,  II. 
1863 ;  Vicia  and  Triticum,  n,  1887. 

DeCandolle,  A.  and  C,  Monographias, 
n,  1878,  '79,  '81,  '83. 

DeCandolle,  C,  Age  of  Trees,  11,  1876  ; 
Cork,  II,  1862;  Diona&a  muscipula, 
II,  1876;  Anatomic  Comparee  des 
Feuilles,  II,  1879;  Theorie  de  la  Feu- 
iile,  II,  1868;  Peperac^es,  II,  1867  ; 
Vnlles,  TI,  1877  ;  and  R.  Pictet,  seeds 
endure  cold,  II,  1880. 

Deh^rain,  Evaporation,  II,  1871. 

Delaware,  Newcastle  Co.,  Tatnall,  II, 
1861. 

Delessert,  B.,  UI,  1852;  Icones,  II, 
1846;  Museum,  Lasegue,  11,  1845. 

Delessert,  F.,  Ill,  1869. 

Delphinium,  I,  1887. 

Delpino,  F,  Fertilization  of  ConlferaB, 
IT,  1872;  Formicarie,  II,  1887;  Re- 
vista  Botanica,  II,  1879. 

Dendrologie,  Koch,  II,  1876. 

Denmark  Flora,  II,  1870;  Esenbeck,  II, 
1854. 

Department  of  Agriculture,  dismissal  of 
botanist,  I,  1872. 

Deppe,  F.,  Ill,  1862. 

Descent  of  Man,  Darwin,  II,  1871. 

Descriptive  Botany,  LeMaout  and  De- 
caisne,  II,  1868,  '73. 

Desmidieae,  Lagerheim,  II,  1886. 

Destiny  of  Man.  see  Religion. 

Desvaux,  A.  N.,  Ill,  1858. 

Desvaux,  E.,  Ill,  1858. 

DeVriese,  W.  H.,  H,  1852,  III,  1862 ; 
Pandaneae,  IT,  1854;  Plantae  Indie, 
II,  1858;  see  Junghuhn,  and  Miquel. 

DeVriese,  W.  H.  and  Harting,  Marra- 
tiacesB,  II,  1856. 

DeVries,  H.,  Resinous  Matters,  II,  1882  ; 
Planten-physiologie,  IT,  1886. 

Dewey,  Chester,  III,  1868. 

Dextrorse,  I.  1877. 

Deyeuxia,  I,  1862. 

Diagrams,  Eichler,  II,  1878. 

Dialysis  with  staminody,  I,  1870. 

Diapensiacese,  1, 1870,  '78;  Maximowicz, 
II,  1871. 


BhiCTberg,  C.  G.,  IIL  1877. 
Eicfaler,  A.  W.,  Ill,  1S87;    Androcia 
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Diatoms.  Wilson,  H,  1876.  |  Katoo,  D.  C ,  Ferns,  II,  1878,  *7S.  d*; 

Dicentra,  L  187<^. '78.  |      oew   Ferns  from   Mezioo  H  1§T4: 

Didiogamv,  Epilobium,  1, 1876;  Spigelia,  '      Filioes   Wrightimiue  et  FBodlmnt. 

I,  1879.'  I      U,  1861 ;  see  Fallow. 

Dickie.  Algae,  11,  1870:  Arctic  Plants,    Ebenaceie,  Hiern,  II,  1873. 

n.  1$59.  Economic  Botanj,   Kew   IfnsBiias.  E 

Dickson.  Hn^iiicula.  IL  1870.  1886. 

Dictioonaire  de  Bot,  Baillon,  II,  1876-    Edgeworth.  II,  1884. 

'79.  '86,  '87.  Edinburgh  Botanical  Soo,  II,  1875. 7S. 

DiUirTn,  L.  W..  Ill,  1858. 
Dimorphism.  IL  1865 ;  in  Oajtonia,  h 

1876;    Darwin.   IL    1862,   '78;    For-        in  Famariaceae.  EL,  1866:  FloverD» 

sjthia.  L  1873;  Gelaemium.  L  1873;  I      frrams,  IL  1878;    Jahriiiicfa.  a  IfiSt 

linum.  IL  1863;  Mohl  IL  1865.  .      '85. 

Dionsa,   L    1873:   DeCandoUe,   C,   IL    Ssengrein.  6.  A..  IIL  1859. 

1876;  Errera.  IL  1879.  '  Ratines  AmericaDae,  I,  1878. 

Diseases  of  Plants.  Fariow,  U,   1877;    Elder,  L  1868. 

Orange  and  OliTe  Trees.  Fariow,  IL    Electrical  Carrents  in  Planls.  Konksl 

1S76.  IL  1879. 

Dissections.  Arthur.  IL  18S6:  Henslow,  ,  Elements  <rf  BoUnj,  L  1836,  '87;  m 

IL  IS79.  Lessons:     see    Bruoet.    DeCkndoik. 

Diseothnx.  I,  1851.  Henfiev.  Hooker.  Jossiea.  Keliefoa. 

Distribution.  L  1846,  '63.  *72,  *84,   n.        LeMaoot   lindley.   Madoakie.   Ha?- 

1846:     Arctic    Plants^    Hooker.    IL        ters,  Cmrer,  St.  Hilaire,  Wood. 

1S62:  Baker,  IL  1875;   Batrachium,    Elliott's  Botanr.  L  1877. 

Hiera.   H.   1871:  Gomber,  IL   1877;    Elm,  large.  L  1876. 

DeOandoUe.    IL    1S56.    '63;    Ferns,    Elwe&  H.  T..  LiUom,  IL  1887. 

Baker,    IL    1S70;   GeoL,  of   P^hns,    Embrra    Origin,    Hen&ej,    IL   1^<: 

Uofier.  IL  1^^:   MiqaeL   n.   1867:        MohL  Badlkaler,  Schacht,  H,  1836; 

Rudolph.  IL  1870:  Diner.  IL  1879.  see  Briosl 

IVKitv*ibeoii.  I.  ISSf.  Emerson.  Trees  and  Shrubs  of  Mass- 

lV>rje>t:.^-JoL,  Dinria.  II.  IStSS.  chusetia.  U,  1847,  '75. 

Don.  G   III.  '>5T.  EncLiri'iion    Botanicum,    Endlidier.  H. 

rVrr   :i    :>f^.  IIL  IfS:.  Eixliicher,  Coniferae.  IL  1850:  Endim 

Dra^-^n  Tree,  Trr:er.3e.  11-  155S.  dion.  IL  1S41  :  Genera  Plantarum.  C. 

I>.^^<^iL  :.:<:::  r^mien.  11.  :>:?:  DfcT-  U41.    '50.    '52:    Itantissa.   II.   1^2. 

w:::   y.:i,  IST,^:   MoTen>e::l5.  L  1>T3.  "44:  fee  Fenrl. 

P-:*r>   I_.  vi  ::    :>v4    'if,  >t'.  EiJrD^L.  O..  Fomologx,  II.  1SS(». 

Pr.:::  :■  ::  i    A    7    OAniiiiT  P^Wr   II.  Ei^Iz^Ln.  G..  IL  1S45,  IIL  1854  '^i 

:>>  Ajare,  IL  1^76  :  Cactaceas,  II,  IJ'^* 

r»-..:u:v. '^i:  i  H    >;>:r'r^  wc^r-i.  IL  1^*4.  Coniferae.  IL  1S79;  Cuscuia,  II.  1S60: 

Vrv.:r>.  :    >:.  Greases?-  IL  1859;  Isoetes.  IL  1?^2: 

P..:..  v.T    A:  :-\s<&L  I.  >T:  J::iic-U5-  11.  IS66:   Mexican  Bctuodin". 

r».--j";.  r    ::.  :>:i  ::^  :>>^.  ::   i>5.-;  Oais.  il  is76:  Pmus-i: 

l.;l-:.-    V\'    ?. .  0:.T\^,r:i  F"j:«ri.  IL  1*"^:*.  :>>0;    Si>    Louis    Acad.,    IL    IS's 

:\.\:/:.  -  :,        ::  :f:.-  ^  Yua-^^.  n.  is73. 

I  .-....-    '.".'    .>?'      '» "-- i;  :>;.-  .^I^ll.-pfv    i:z.*r«^r     A.,   Tert;Arperiode,   IL   1^S2. 

'. '    .  ^    "  Tec^T.sb!r  Kia^om,  IL  1 SS3. 

r\-r.'.:.:.    .'. i    >'.-.    T,     V.v-j^  II    I>-ro       *Ii.'..>:z;^pLijOii3   Fiowers.    Warmiaff,  H- 

1^.-!"-,  '.■,   \.     "I      '  " " f  I i^*"". 


r"«t'*    "    I     T     r^->rr ._": 


II    I>',^:  "iJL-iifrraco  F^ttAnim,  Kunth.  IL  1-^^ 
V:...  ..:•:;>   I.    .>':  .  5*:^  XljNi:  44.   52. 

Ec'j'ijr-.on,  I.  1ST]. 

^\x- ;     ,\"::.     :     ^    >      rjLi;   N !:!'£>.   II  Z.T'iiT.^Ji-  L  ISTiI.  'T*? 

j*ir..    .•'.v.  \.x-     -•-■..-.  s:c.  II    >'5.  IL  ISTf. 

^'jk.o:.    Ar.\N   III    I>4i.   >5i^  /wSir?t.t  E^tMr.'t^  belieborme,  L  1 S79. 

U-.ri.  £r$^  Forest.  Wallace,  IL  1S78,  'T9. 
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«ie,  Wilde,  II,  1864. 

n  arveDse,  I,  1873. 

ad  Terror,  voyage  ot  U,  1844. 

8,  how  fertilized,  I,  1876. 

,  1865. 

ae,  I,  1870. 

I,  1876. 

[i..   Dionasa,    II,    1879;    Pent- 

,  II.  1879. 

jrg.  collections  by,  I,  1881. 

1,  Decaisne,  II.  1874. 

i,  Cooke  and  Peck,  11,  1872. 

3,  Wittrock,  II,  1884,  '86. 

ium  propullans,  I,  1871. 

:,  8ee  Nees. 

3graphia,    Mueller,    II,    1879, 

js,  Australia,  Mueller,  11,  1869. 
icese,  I,  1851. 

acese,  Bentham,  II,  1879;  Bois- 
[,  1866;  Euphorbia,  Wiirming, 
2;  Cyathium,  Mueller,  11, 1872 
Conspectus,  Nyman,  II,  1879 
eographical  Statistics,  Comber 
7;  Herbaria,  1, 1841 ;  Hymen 
«8,  Fries,  II,  1875 ;  Juncacese, 
lau,  II,  1886;  Vegetation,  Hen 
[.  1852. 

ion,  Deherain,  II,  1871. 
ns.  Hoopes,  II,  1868. 
I,  Ilenslow,  II,  1874;  vs.  evan- 
religion,  I,  1882;    and  theoU 
,  1874;  Williamson,  II,  1874; 
311,  II,  1874. 

a,  I,  i879;   N.  Y.,   Pursh,  II, 
N.  Carolina,  I,  1842. 
5  expedition,  see  C  S.  Govt. 

lence  and,  see  Religion. 

U,  1848.  Ill,  1866. 
igo,  I,  1876. 
«r.  G.,  Algffi,  II,  1875;  — ,  An- 

and  Eaton,  Algae,  II,  1877, 
L sexual  growth  of  prothallus, 
4;  Bussey  Bulletin,  II,  1876; 
liseases,  n,  1877;  Fungi  near 
,    II,    1878;    Onion-smut,    II, 

ithin  animals,  Leidy,  II,  1853. 
F.,  Ill,  1880. 

ion,   discovery  relative  to,   I, 
Radlkofer,  II,  1858;  see  Fer- 
)n. 
858. 

slands,  Hedycaria,  I,  1 866 ; 
ble  productions,  II,  1 863  ;  see 
in. 

Augustus,  I,  1849,  III,  1886; 
of  Trinidad,  II,  1878;  Filioes, 

II,  1861;  New  Mexico,  II, 
Venezuelan  Mosses,  11,  1879. 


Fenzl,  B.,  Ill,  1880. 

Fenzl  and  Endlicher,  Genera  Plantarum, 
II,  1852. 

Ferns,  Distribution,  Baker,  II,  1870; 
Eaton,  II,  1878-'80;  Fertilization, 
Hofmeister,  II,  1856 ;  Historia  filicum, 
Smith,  II,  1878;  Kentucky,  William- 
son, II,  1878;  LyeU,  II,  1870; 
Meehan,  II,  1878-80;  new  species 
from  Mexico,  Eaton,  II,  1874;  Par- 
thenogenesis, II,  1874;  Robinson,  II, 
1878;  Species  Filicum,  Hooker,  n, 
1844,  '47,  '52.  '63,  '60,  '63;  Synopsis 
Filicum,  II,  1876;  Trinidad,  Fendler, 
II,  1878;  Filices  Wrightianse  et  Fend- 
leriansB,  Eaton,  II,  1861. 

Fertilization,  I,  1876;  BaiUon,  U.  1887  ; 
Browallia  elata,  I,  1877 ;  Coniferae, 
Delpino,  II,  1872;  Ferns,  Hofmeister, 
II,  1865 ;  GentJana  Andrewsii.  I, 
1877;  Grasses,  Hildebrand,  II,  1873; 
Cross-,  I,  1871,  '77,  BenefiU,  I,  1876; 
Cross- and  Self-,  Darwin,  I,  1877,  II, 
1878;  Self-,  I,  1879,  Henslow,  II, 
1879;  by  Insects,  I,  1872,  '82,  Dar- 
win, II.  1877,  Loew,  II,  1887,  Lub- 
bock, n,  1875,  Meehan,  11,  1876, 
Mueller,  II,  1883,  Ogle,  II,  1870; 
Orchids  by  Insects,  I,  1862,  Darwin, 
II,  1862,  '70,  '77,  '78;  Tricbostema 
by  Insects,  II,  1878;  see  Fecundation. 

Festucffi  of  Europe,  Hackel,  II,  1883. 

Fibres,  Squier,  II,  1862. 

Ficinus,  H.  D.  A.,  in,  1858. 

Field,  Forest  and  Garden  Botany,  I, 
1868. 

Fielding,  H.  B.,  and  G.  Gardiner,  Ser- 
tum  plantarum,  II,  1844. 

Fyian,  see  Feejee. 

Fire-weed,  I,  1876. 

Fischer,  III,  1854. 

Fischer,  F.  E.  L.,  and  Meyer,  C.  A.,  Ser- 
tum  Petropohtanum,  II,  1847. 

Fiske,  John,  Destiny  of  Man,  II,  1884. 

Flora  within  animals,  Leidy,  II,  1863; 
of  North  America,  Torrey  and  Gray, 
I,  1838,  II,  1841  ;  of  North  America, 
Characteristics,  I,  1884;  Synoptical, 
I,  lb78,  '84;  see  names  of  authors 
and  countries,  see  Forest,  and  Sylva. 

Florida  Fruits,  II,  1886. 

Flower,  evidence  of  modification  of  An- 
imal forms,  II,  1873. 

Flowers  and  P'ems,  Meehan,  II,  1878- 
'80;  and  Fruit,  Baillon,  II,  1870; 
Fruits  and  Leaves,  Lubbock,  II,  1886 ; 
and  Insects,  Lubbock,  II,  1875 ;  Flours 
de  Pleine  Terre,  Vihnorin,  II,  1864, 
'68,  '71. 

Fliickiger  and  Hanbury,  Pharmaco- 
graphia,  II,  1875. 
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Fly,  beheaded  by  Mentzelia,  I,  1879; 
Fly-catcher,  I,  1871,  Sarraceoia,  I, 
1873. 

Folia  Orchidacea,  Lindley,  II,  1853,  '64. 

Foliage,  see  Leaf. 

Forbes,  II,  1886. 

Foreign  Plants,  Invasions  of,  I,  1867. 

Forest*  and  Forestry,  Beal,  II,  1876; 
Forest  Botany,  I,  1 868 ;  Burma,  Kurz, 
II,  1878;  Ca'liforDia,  II.  1887;  Geog- 
raphy,  I,  1878;  India,  Stewart,  Bran- 
dis,  II,  1875:  Journal,  II,  1882;  Sar- 
gent, II,  1885;  Vasey,  II,  1876;  Wal- 
lace, II,  1878. 

Forestiera,  J,  1859. 

Formicarie,  Delpino,  II,  1887. 

Forms  of  Flowers,  Darwin.  II,  1878. 

Forsythia,  dimorphism.  I,  1873. 

FortTejon,  I,  1859. 

Fortune.  R..  III.  1884. 

Fossil,  see  Palaeontology. 

Fournier,  Crucifenv,  II,  1866. 

Fowler,  J.,  New  Brunswick  Plants,  II, 
1886. 

France,  Bull.  See.  Bou,  IL  1887:  Plants 
Naturalized  in.  II,  1886;  Palseon- 
tcJogy.  Martins.  II.  1877. 

Fraxiniis,  Weniig.  II,  1883. 

French  Association.  II.  1874. 

Fries,  K.  M.,  111.  1S7S.  *79:  Hieradum. 
U.  IS52:  Hymenomycetes,  11,  1875: 
Summa.  II.  \S52, 

FrvUK^nu  vvllooiions  by.  II,  1S53. 

Frvsoniu^  u..  Gnmviriss  der  Botanik. 
11.  lS4,i. 

Frvxst,  0.  0,  III.  1SS4. 

Frv><r  p^-4n;s  kil\\i  bv.  Goeppen,  II. 
ISTl. 

Fruits,  tiivi  ni.^n  iiinko  then'.?  I.  1S74  : 
r.vvriaii.  II.  IS-^:  Fr.::t  Tt>?^5,  slit- 
ur.j:  Ivark.  I.  ISTTv 

F\i:vAr;,-iv\\\\  Ar.vir.\x*:um.  Kioh>r.  II. 
^^^ 

T>:    0;irv\:r.;.iv:    Kx>:.\\iii,    KaTeael. 


T  1      •,,-,> 


OMr:.!k  ■.'..  '>•''•;  F\-^rv\  :V *"<•.%■  v  amd 
v«   ''..■;iN  C\^  "I^t  .%r  "s.   Ar..::'r<i>.'r.  'I.  I>r4. 


N    ■  N 


'.  >:^v      ■>;    f^-^    !>: 
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Gardiner,  G.,  see  Fielding. 

Gamsey,  E.  F.,  IL  1887. 

Gasparrini,  III,  1868. 

Gattinger,  A.,  Tennessee  Flora,  11, 18ST. 

Galleotti,  H.,  Ill,  1859. 

Gay,  C,  Chili,  II,  1852. 

Gay,  Jacques,  III,  1864. 

G^ylussacia  bracbycera,  I,  1875. 

Gelsemium,  I,  1873. 

Gemmation,  Hypoootyledonary,  1, 18T1. 

Gentiana    Andre wsii,     fertilizatioQ.    I, 

1877. 
Gentianaceffi,  I,  1857, '71 ;  new  Genoa, 

I,  1880. 

Grenera  lUustrata,  I,  1848 :  Genera  of 
Plants,  see  Salisbury ;  Genera  Planta- 
rum,  see  Bentham  and  Hooker,  and 
Rndlicher. 

Geographical  Botany,  see  DistributioD. 

Greorgia  Mosses  and  Hepaticse,  I,  1846. 

Geological  Survey,  see  U.  S.  (jovt 

Greoiogy,  Manual  of,  Dana,  II,  1874. 

Gerardia  tenuifolia,  I,  1879. 

Germany.  Flora,  Esenbeck  and  Spinner. 

II,  1852,  '54;  Ivy,  I,  1868;  Profes- 
sorships, II,  1852;  Rabenhorst's  Krjp- 
togamen-Flora.  II.  1885. 

Geum,  Scheutz,  II,  1872. 

GQbrest,  Helianthns  annuos,  II,  1880. 

Gingko,  Beer,  II.  1880. 

Gironde,  Flore.  Clavaud,  II,  1882. 

Githopsia,  I,  1882. 

Glumacea?.  Steudel,  E.   G.,  II.  1854.  '56. 

GnaphaUeae,  I.  1851.  '52. 

Gneiace».  Van  Tieghem.  11,  1872:  Gne- 
tnru  Gnemon.  Organogeny.  Beccari. 
II.  ISST. 

Godet,  C.  n..  II.  1S52.  III.  18S0. 

Godron.  Ill,  1SS2:  see  Naudin. 

Goebel.  K..  Classification  and  Morphol- 
ep. II.  ISST. 

c^^ppen,  H.  R..  UI.  1SS5:  Plants 
ki.I^by  frost,  II.  1871. 

<>oeihe.  Metamorphosis,  II.  1364. 

GoMiv,  John.  III.  IS^^e. 

GonidiiL  II.  1ST4- 

v^>a.:..^ba5  Shordi.  I.  1SS3. 

•Tvx^iaie,  G.  L.:  Common  plant?.  II. 
1"^T:^:   Pbr^iolofincai  Botany.  IL  1*^*5: 

G»:aj?,  G.  L.  and  Hyait.  Guides  for 

SoirDc>e-le*ohiiiir.  II.  iST9. 
,•  xvir::  A>e«^-  I.  1S61. 
Ji»iwi:L  .Soieaw  ar.d  Faith,  IT.  1S>4. 
•.V;.:.^r«erie^  I.  lS7»x 

::.  is5e. 

leierv'peceousw    Stra<bjrger. 

.'r:tbA=i.  Cre^i  of  Sconce,  II.  1SS2. 
v-rtisa  Oa&?c.  bow  to  rettch  the,  I.  ISSo. 
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368,  catalogue,  Bush  and  Son, 
4;  Mildew,  Farlow,  II,  1876; 
is. 

lonim,  I,  1861. 

r,  1834,  1862;  Beal,  II,  1887; 
m,  II,  1882;  CJotyledons,  Van 
m,  II,  1873;  Darlington,  II, 
Fertilization,  Hildebrand,  II, 
Intoxicating,  Hance,  II,  1876; 
,  Diival-Jouve,  II,  1876;  New 
,  Engelmnnn,  II,  1859 ;  Yasey, 
3,  '84 ;  Wisconsin,  Lapham,  II, 

i.,  Ill,  1858. 

..,  Urtica  dioica,  II,  1 885. 

a.  paper,  II,   1858;    Oalifomia 

etalte,    II,    1876;     California, 

>ecies,  II,  1876;  Conifer®,  II, 

Contributions,  II,  1874,  '76,  '82, 

ydrophyllacese.  II,  1875;  Man- 

,    1803,  '68;    Plant*  Wrighti- 

I,   1853;   Synoptical  Flora,  II, 

84;   Vcatcliia  Cedrocensis,  II, 

Wilkes   expedition,   II,    1854 ; 

Tey. 

ja,  and  J.  H.  Trumbull,  culti- 

ilauts,  II,  1883. 

E.,    II,   1875,    III,   1875,   '76; 

Algfc,  II,  1866. 
9.  M.  K.,  Ill,  1878. 
tenj.  D.,  Ill,  1863. 
3.   L.,    II,  1885;    Pittonia,  II, 

i  flora,  Lange,  II,  1882. 

J.  C.  M.,  Ill,  1876. 
R.,  Ill,  1866. 

II.  1872. 

■.  W.,  and  A.  Henfrey,  Micro- 
;  dictionary,  II,  1854,  '65,  '56. 
W.,   report  on   tea   plant,    II, 
posthumous  papers,  II,  1849. 
Mrs.,  Ill,  1858. 

1873 

I,  H.R.  A.,  Abuta,  II,  1859; 
(8.  II,  1858;  Cuba,  Catalogua 
um,  II,  1867;  Climatology,  II, 
Plantse  Lorentziame,  II,  1875; 
atic  botany,    II,   1859;    West 

II,    1861,    '62,  '65;    Wright's 
plants,  11,  1861. 
3,  correspondence,  I,  1843. 
ut,  I,  1876. 

1  tight  cases.  Ward,  II,  1853. 
I   der  botanik,   Fresenius,   G., 
3. 

e  der  botanik,  linger,  II,  1843. 
e    island    flora,    Watson,     II, 

,    III,    1842;    tea    plant,    II, 

W.  T.,  II,  1852,  III,  1869. 


Gymnospermy,  I,  1879;  Celakoveky,  II, 

1879. 
Gymnocladus  in  China,  II,  1876. 

Habenaria  fimbriata,  I,  1 868. 

Hadley,  George,  III,  1877. 

Hackel,  E.,  Festucse,  II,  1883. 

Haeckel,  E.,  Entwickelungsgeschichte, 
II,  1876. 

Hale,  T.  J.,  Wisconsin,  II,  1861. 

Hall,  B.,  IIL  1884;  Collections,  Ore- 
gon, I,  1872,  II,  1872,  Texas,  I,  1873. 

Hall,  E.,  and  Harbour,  Rocky  mountain 
plants,  I,  1863,  II,  1863. 

Hamamelldeee,wood-cell8,01iyer,  II,  1862. 

Hampe,  III,  1 882,  '84. 

Hanbury,  D.,  Ill,  1875.  '76;  Pareira 
Brava,  II,  1873;  see  Flilckiger. 

Hance,  H.  F.,  Ill,  1887;  Intoxicating 
grass,  U,  1876. 

Handbook  of  Ferns,  Lyell,  II,  1870; 
Collector's  handbook,  Bailey,  II,  1882. 

Harbour,  J.  P.,  see  Hall. 

Harcourt,  Helen,  II,  1886. 

Haikness,  II.  1885. 

Harting,  see  De  Yriese. 

Hartog,  M.,  Sapotacese,  II,  1878. 

Hartweg,  III,  1872. 

Harvard  University  Herbarium,  I,  1865, 
'83. 

Harvey,  W.  H.,  Ill,  1866;  Memoir,  II, 
1870;  Phycologia  Australica,  II,  1857, 
'64 ;  Manual  of  British  Algse.  II,  1852 ; 
Phycologia  Britannica,  II,  1852; 
Nereis,  II,  1852,  '53,  '59;  Thesaurus 
Capensis,  11,  1859-'61,  '64,  '65. 

Harvey,  W.  U.,  and  Sonder,  0.  W., 
Flora  Capensis,  II,  1861,  '63,  '^. 

Hasskarl,  Commelynaces,  II,  1870. 

Heath,  Heather,  I,  1861,  '76. 

Heath,  F.  G.,  Sylvan  Winter,  II,  1886. 

Bedycaria  dorstenioides,  I.  1866. 

Heer,  0..  Ill,  1884;  Gingko,  II.  1880; 
Flora  fossilis  arctica.  II,  1872,  '77,  79. 

Helianthus  annuus,  Gilbrest,  II,  1880; 
H.  tuberosus,  history,  I,  1877. 

Hematococcus  lacustris,  Rostafinski,  II, 
1875. 

Hemitomea  I,  1857. 

Hemsley,  W.  B.,  II,  1886;  North's 
paintings  of  plants,  II,  1886. 

Henfrey,  A.,  II,  1859,  III,  1860;  Ele- 
mentary Botany,  II,  1857,  '70 ;  Ori- 
gin of*  Embryo,  II,  1857;  RootleU, 
II,  1859;  Structural  and  Physiologi- 
cal Botany,  II,  1846;  Vegetation  of 
Europe,  II,  1852;  see  Griffith. 

Henry,  Joseph,  III,  1879. 

Henslow,  G.,  II,  1886;  Estivation,  II, 
1878;  Dissections,  II,  1879;  Evolu- 
tion, II,  1874;  FertilizatioD,  II,  1879. 
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Henslow,  J.  S.,  II,  1868,  III,  1862; 
Elementary  Botany,  II.  1864. 

Hepaticse,  Austin,  II,  1874;  Check  list, 
Cummln^s,    II,     1885;     Spruce,    11,* 
1886;  Underwood.  II,  1884. 

Herald,  seo  Seemann. 

Herbaria,  II,  1871;  Curtis,  II,  1872; 
European,  1,  1841 ;  Harvard  Univer- 
sity, I,  1865,  '83;  Lamarck,  II,  1886; 
MartiuB,  II,  1870;  Tokio,  II,  1886. 

Heredity,  Brooks,  II,  1884 ;  Naudin,  II, 
1876. 

Herrick,  Sophie,  Wonders  of  Plant  life, 
II,  1884. 

Hervey,  A.  B.,  see  Bohrens,  and  Rau. 

Hervey,  E.  W.,  New  Bedford  plants,  II, 
1861. 

Heterogenous  Flowers,  I,  1877. 

Heteromorphism  in  Epigsea,  I,  1876. 

Hibiscus,  I,  1883. 

Hieracium,  Fries,  II,  1852. 

Hiern,  W.  P.,  Batrachium,  II,  1871; 
Kbenaceae,  II,  1873. 

Higgins,  Cultivation  o&  Mosses,  II.  1857. 

Hildebrand,  Fertilization  in  Grasses,  II, 
1873. 

Hillebrand,  W.,  Ill,  1887. 

Himalaya,  Rhododendrons,  Hooker,  II. 
1852. 

Hincks,  Ferns,  II,  1870. 

Hinds,  R.  B.,  and  Bentham,  Botany  of 
Sulphur,  II,  1844. 

Hine,  F.  B.,  Saprolegnietc,  II,  1879. 

Histoire  des  Herbiers,  Saint  Lager,  II, 
1886;  des  Plantes,  see  Baillon ;  des 
Sciences  et  des  Savants,  A.  De  Can- 
dolle,  II,  1873. 

Hodges,  C,  Darwinism,  II.  1874;  The- 
olog^^,  II,  1874. 

Hoffmann,^  H.,  Sap,  II.  1853;  Witterung 
U!id  Wachsthum,  II,  1857. 

HoQ'inansegge,  III,  1852. 

Hofmeister,  W.,  II,  1858,  III,  1877, 
'78;  Fertilization  of  Ferns,  II,  1855; 
Zostera,  II,  1853. 

Hogg,  II,  1800 

Hohenhaclior,  R.  F.,  Ill,  1876. 

Hohenbiihel-Heufler,  species,  II,  1871. 

Holmes,  K.  M.,  Pharmaceutical  Museum, 
II,  1878. 

Holton,  L  F.,  Ill,  1874. 

nomogonous  Flowers.  I,  187  7. 

Hongkong,  Bentliam,  II.  18G1. 

Hooker,  J.  D.,  1,  1881,  II,  1848;  Voyage 
to  Amcricn,  II,  1877;  Antarctic 
Flora,  II,  1844,  '49.  '52;  Balanoph- 
oreif.  II,  1858;  British  Islands,  II, 
1870,  '78,  '84;  Taniivorous  Plants, 
II,  1874  ;  Cedars  of  I^ebauon,  Taurus. 
Algeria  and  India,  II,  1802;  Insec- 
tivorous plants,  II,  1874;  Distribution, 


Arctic,  II,  1862 ;  loones  Plantaroo^ 
II,  1870,  '72,  '73,  '82,  '86,  '87,  w 
Hooker,  W.  J.;  Flora  of  Brltiih  IdA, 
II,  1872,  '74-*76,  '78,  '79,  '83, '86; 
New  Zealand,  IL  1852, '54, '55, '6$; 
Primer  of  Botany,  II,  1 887 ;  Rhododen- 
drons, Himalaya,  11,  1852;  Tasmaoii, 
U,  1852,  *56,  '58,  '60;  Welwitadui 
11,1863;  see  Bentham. 

Hooker,  J.  D.,  and  J.  Ball  l£arocco.  II, 
1879. 

Hooker,  J.  D.,  and  C.  B.  Clarke,  Fkn 
of  British  India,  II,  1883. 

Hooker,  J.  D.,  and  T.  Thompson,  l 
1858,  '60,  '61 ;  Flora  Indica,  H,  1856, 
'57. 

Hooker,  Mrs.  J.  D.,  Ill,  1875. 

Hooker,  W.  J.,  Ill,  1866;  Flora  Boreifi- 
Americana,  II,  1841;  British  Flon. 
II,  1842;  Chinese  Rice-paper  pteni 
II,  1852  ;  Icones  Plantarum,  IL 
1841-'43,  '52,  '64,  see  Hooker,  J.  D.: 
Journal  of  Botany,  II.  1841,  '49^ 
Species  FUicum,  II,  1844,  '47,  '52, '53. 
'60,  '63;  Victoria  regia,  II,  1852. 

Hooker,  W.  J.,  and  Aruott,  Botanj  of 
Beechey's  Voyage,  II,  1841, 

Hooker,  W.  J.,  and  Baker,  Synopsa 
Filicum,  II,  1875. 

Hooker,  W.  J.,  and  T.  B.  Salter,  Flora 
Vecteosis,  II,  1857. 

Hoopes,  J.,  Ill,  1874;  Evergreens,  II, 
1868. 

Hornschuch,  III,  1852. 

Horse  disease,  I.  1873. 

Horsfield,  T.,  Ill,  1859,  '60. 

Horsfleld,  Bennett  and  Brown,  Plania 
Javanicae,  II,  1841,  '42,  '53. 

Horticultural  Exhibition,  II,  1866,  '67: 
Royal  Hort.  Society,  II,  1887. 

Ilosackia,  I,  1863. 

Houstonia,  Fertilization,  I,  1S76. 

How  crops  feed,  Johnson,  II,  1S70: 
How  plants  grow,  I,  1 858 ;  How  plants 
behave,  I,  1872. 

Huckleberrv,  I,  1875. 

Hugel,  III, '1872. 

Hyatt,  J.,  Periodicity  in  vegetation.  II 
1876. 

Hyatt.  A.,  see  Goodale. 

Hybrids,  Naudm  and  Godron,  11,  ISO'-: 
Lilies,    Parkman,    II,    1878;    M«.)ss<?j. 
Philibert,  II,  1873. 
!  Hydrilleae,  Caspary,  II.  1857. 
'  Hydrolea,  Bennett,  II.  1870. 
'  Hydrophyllacea?,  I,  1857,  '75,  II.  1ST:.. 
I  Hymenoph3ilaceai,  II,  1859. 

Hvraenomycetes     Europaji,     Fries,    II 
I     "1875. 

I  Hypocotyledonary  gemmation,  I,  18T1. 
I  Hypopitys,  I,  1884. 
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Flora,  BabiDgton,  IL  1870. 

Delesaert,    II,    1846;     Index, 
)1.   II,    1870;    Muscorum,   Sulli- 
II,   1864,  '75;  Plantarum,   see 
er. 

udmowicz,  II,  1882. 
Sphaeraloea  acerifolia  in,  1, 1 874. 
les  gratioloides,  II,  1 874. 

Mueller,  II,  1880 ;  IcoDum 
icarum,  Pritzel,  II,  1855,  '70; 
on,  II,  1878;  see  Buek,  and  Lit- 
re. 

[/edars,  Hooker,  II,  1862;  Com- 
lacesB  Clarke,  II,  1870,  '75,  Hass- 
n,  1870;  CompositBB,  II,  1876^ 
rufl,  Clarke,  II,  1884;  De  Vriese, 
858;  Flora,  Hooker,  II,  1852, 
er  and  Thomson,  II,  1856, 
Miquel,  II,  1856,  '58;  Flora  of 
,h.  Hooker,  II,  1872,  '74-'76, 
79,  '86,  Hooker  and  Clarke,  II, 
;  Forest  Flora,  Stewart  and 
lis,  II,  1875;  Names  of  plants, 
on,  II,  1869;  Oliver,  II,  1870; 
eugal. 

3orn,  Bturtevant,  II,  1880. 
)ra  Caroliniana,  Niesler,  II,  1 857. 
at,  II,  1864. 

trapping  of,  I,    1880;    Bee,   I, 
;  see  Fertilization, 
orous  plants,  I,  1874;  Darwin, 
1876;    Hooker,    11,    1874;    see 
ira,  etc.. 

Floras,  II,  1885. 
Prantl,  II,  1872. 
ns,  Cleistogamj,  11,  1877. 
Brand,  II,  1843. 
itin^  grass,  Hance,  II,  1876. 
e  Life,  Babcock,  II,  1884. 
lora,  Arthur,  11,  187H. 
1887;  Iridacese,  Baker,  II,  1877. 
,  T.,  Ill,  1880. 

I.  J.,  Fertilization  in  Tricbos- 
II,  1878. 
rion,  I,  1852. 

Aostralian.   Braun,   II,    1870; 
Imann,  II,  1882. 
Hora,  Parlatore,  II,  1884,  Caruel 
>arlatore,  II,  1886;  Nuovo  Gior- 
Caruel,  II,  1876. 
n,  H.,  m,  1879,  '80. 
r.  1857. 
rman,  I,  1868. 

UI,  1876. 

I,  J.,  Worcester  Co.,  II,  1883. 
;h,    Eichler,   II,    1882,  '85,   '87; 
>r,  II,  1882 ;  Pringsheim,  II,  1 858. 
ericht,  Link,  II,  1844. 
Collections  from,  I,  1887. 
E.,  in,  1862. 


James,  T.  P.,  Ill,  1882,  '84;  see  Les- 

qaereuz. 
Jameson,  Pseudocentram,  11,  1858. 
Japan,  Collections  from,  I,  1857 ;  Flora, 

I,  1846,  II,  1846;  Fossil,  see  Palseon- 
tologj;  Herbarium,  II,  1886;  Maxi- 
mowicz,  ir,  1874;  Miquel,  II,  1867, 
'68;  new  species,  I,  1859;  see  XT.  S. 
Govt. 

Jardin  des  Plantes,  II,  1852,  '74. 

Java,  Horsfield,  H,  1841,  '42,  '53. 

Johnson,  Laura,  and  A.  Eaton,  Botani- 
cal Teacher,  II,  1841. 

Johnson's  Cyclopsedia,  I,  1874. 

Johnson,  How  crops  feed,  II,  1870. 

Johnston,  J.  F.  W.,  Applications  of 
Chemistry  and  Geology  to  Agricul- 
ture, II.  1841. 

Journal  de  Botanique,  Miquel,  II,  1862. 

Journal  of  Botany,  IL  1872,  '73; 
Hooker,  II,  1841;  London,  II,  1842; 
see  Caruel. 

Juglaudea;,  Oersted,  II,  1871. 

JuncacesB,  Buchenau,  11,  1875,  '86; 
Juncus,  Eugelmaon,  II,  1 866. 

Junghuhn,  III,  1866;  Collections  by, 
n,  1854;  and  De  Vriese,  Camphor- 
tree,  II,  1852. 

Jussieu,  A.  de.  III,  1853;  Cours  ili- 
mentaire,  II,  1843,  '44;  Elements  of 
Botany,  II,  1849;  Letters  of  Linnaeus, 
IL  1854. 

Jossieu,  Madame  de,  III,  1858. 

^almia,  how  fertilized,  I,  1876;  K.  lati- 

folia,  I,  1870,  '77. 
Kamel,  Manila  plants,  II,  1886. 
Kan-sun,  a  Chinese  vegetable,  11,  1872, 
Karsten,  H.,  Flora  Columbia,  II,  1861. 
Kellerman,  W.  A.,  Elements,  II,  1884. 
Kellogg.  A.,  IIL  1888;  Astragalus  in- 

sularis,  II,  1 884 :  Phacelia  Ixodes,  11, 

1884;  see  Behr. 
Kentucky  Ferns,  Williamson,  II,   1878; 

Trichomanes  radicans,  I.  1874. 
Kerguelen's  Land,   II,   1878;   flora,   I. 

1880. 
Kew,  II.  1886. 

Kiesor,  III,  1863.  « 

Kindberg,  Lepigonum,  II,  1864. 
King,  see  U.  S.  Govt 
Kingsley,  G.,  Westminster  sermons,  II, 

1874. 
Kippist,  R.,  II,  1856. 
Koch,  K.,  Ill,   1879,   '80;   dendrology, 

II,  1876. 

Koch,  W.  D.  J.,  Ill,  1852. 
'  Koehler,  A.,  Structural  and  Systematic 
Botany,  11.  1876. 
Koehne,  E.,  Lythraceae,  II,  1885. 
Kotschy,  111,  1868. 
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Krok,  Valerianae,  II,  1866. 
Kunkel,  electrical  currents,  II,  18*79. 
Kunth,  III,  1852;    Enumeratio  planta- 

rum,  II.  1841,  '44,  '62. 
Kuntze,  0.,  Clematis,  II,  1886 ;  phjto- 

geogeneeis,  II,  1883 ;  Rubus,  II,  1880 ; 

Speciesbeschreibung,  II,  1880. 
Kimze,  II,  1852,  III,  1862;  Carices,  II, 

]841-'43,  '62. 
Eurz,  S.,  Ill,  1879;  forests  of  Burma, 

II,  1878;  Nicobar  islands,  II,  1877. 
£utzing,  II,  1862. 

Labels  for  trees,  II,  1867. 

Labiatae,  I,  1872,  II,  1849. 

Lady-slippers,  I,  1876. 

Lagerheim,  6.,  Desmidieae,  II,  1886. 

Lamarck,  herbarium,  II,  1 886. 

Lambert,  III,  1842. 

Lamie,  J.,  plants  naturalized  in  France, 
II,  1886. 

Lange,  J.,  Greenland  flora,  11,  1882 ; 
Pyrolea3  and  Monotropeae,  1870 ; 
seeds,  II,  1871. 

Langlois,  A.  B.,  Louisiana,  II,  1887. 

Lantzius-Beninga,  III.  1872. 

Lapham,  I.  A.,  Ill,  1876;  Grasses  of 
Wisconsin,  II,  1855;  destruction  of 
trees,  II,  1867. 

Laurel,  see  Kalmia. 

Lasegue,  mus^  botanique,  II,  1845. 

Lavall^,  A.,  Ill,  1884;  Vilmorin  on, 
J  I,  1886;  Arboretum  Segrezianum, 
II,  1877,  '81,  '83;  Clematis,  II,  1884. 

Lawson,  Calluna  vulgaris,  II,  1877  ;  Ox- 
ford botanists,  II,  1870;  Ranuncula- 
cea;,  II,  1871;  Rhododendron  maxi- 
mum, TI,  1877. 

Lea,  T.  G.,  Cat.  VI  Cincinuati,  II,  1849. 

Leaves,  I,  1874;  action.  Boussingault, 
II,  i866;  anatomy,  DeCandolle,  II, 
1879;  Baptisia,  I,  1871:  inaequi- 
lateral,  Beal,  II,  187G;  office,  I,  1874; 
fossil,  see  paheontology ;  theory,  De- 
Candolle, 11,  18G8;  winding,  Wichura, 
11,  1853. 

Leavenworth,  M.  C,  III,  1863. 

Leavenwortliia,  T,  1880. 

Lebanon,  Cedars  of,  Hooker,  II,  1862. 

LeConte.  J.  E.,  Ill,  1883;  Religion  and 
science,  IT,  1874. 

Leco(i.  Ill,  1872. 

Lectures,  I,  1878,  '80;  Lubbock,  II,  1879. 

LecythidaccR',  Miers,  111,  1875. 

Ix-coyer,  J.  C,  Thalictrum,  11,  1880. 

Ledebour,  III,  1852;  Flora  Rossica,  U, 
1842,  '43,  '47,  '48,  '52. 

Legnotidea-,  Bentham,  TI,  1859. 

Lcpuminosio,  how  fertilized,  I,  1876. 

Leidy,  J..  Fauna  and  flora  within  ani- 
mals, 11,  1853. 


Lejeune,  A.  L.  S.,  Ill,  1860. 

Lehmann,  C,  II,  1862;  Potentills,  II. 
1867. 

Lehrbucb,  see  Text-book. 

LeMaout,  Lemons  elementaires,  II,  1844: 
and  Decaisoe,  Traits  g^n^ral  de  bo- 
tanique, II,  1868;  traoalation,  II, 
1873. 

Lenormand,  III,  1872. 

Lepidoptera,  variation,  mimetic  analogy, 
II,  1863. 

Lepigonum,  Kindberg,  U,  1864. 

Lespedezae,  Maximowicz,  II,  1874. 

Lesquereux,  L.,  palaeontology  of  Ar- 
kansas, II,  1861 ;  fossil  plants  of 
Sierra  Nevada,  II,  1878;  Territories, 
n,  1878;  see  SuUivant 

Lesquereux  and  James,  Mosses,  II,  1 884. 

Lessing,  III,  1866. 

Lessingia  German  orum,  II,  1866. 

Lessons,  I,  1867;  see  Elements,  and  St 
Hilaire. 

Lestibudois,  T.,  Ill,  1878. 

Letter  to  American  botanists.  I,  1885; 
to  Botanical  Club,  I,  1886;  Linnsus. 
II,  1864. 

Levier,  Plantes  a  founnis,  U,  1885. 

L^V(eiU^,  III,  1872. 

Leyden,  Museum,  n,  1874;  Annales,!! 
1864,  '67. 

Lichens,  composition,  Bomet,  II,  1873: 
Oersted,  II,vl873  ;  Schaerer,  II,  1852: 
new  views,  II,  1874;  Nvlander.  II, 
1858;  Tuckerman,  Cuba',  II,  18&4. 
exsiccati,  II,  1858,  genera,  II,  18T2. 
New  England,  II,  1848. 

Liebmann,  III.  1857. 

Life,  Church,  II,  1878;  Coues,  II.  1884: 
plant  life,  II,  1885. 

Light,  action,  I,  1880 ;  Darwin,  II. 
1882. 

Lignified  snake,  I,  1882,  '83. 

Liliacea\  Baker,  II,  1870,  '71:  Elwes. 
II,  1887;  hybridization,  Parkman.  II. 
1878. 

Limpricht,  K.  G.,  Rabenhorst's  Krypto- 
gamen-flora,  II,  1885. 

Lindberg,  S.  0.,  Metzgeria?  and  Bryiue.^ 
acrocarpae,  II,  1878;  Peat-mosses,  II. 
1882. 

Lindeuberg,  II,  1852. 

Lindhoimer,  F.,  Ill,  1880;  collections 
by,  I,  1850;  Texan  plants,  I,  1845. 

Lindley,  IL  1857,  III,  1866;  Elements. 
II,  1841;  Flora  medica,  II,  1841; 
Folia  Orchidacea,  II,  1853,  '54;  Or- 
chids from  Cuba,  II,  1858;  Vegetable 
Kingdom,  II,  1854. 

Lindley  and  Grisobach,  II,  1862. 

Lindsay,  W.,  Ill,  1882. 

Ling,  I,  1876. 
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Link,  H.  F.,  Ill,  1852;  Anatomia  and 

Jahresbericht,  II,  1844. 
Linnaea,  II,  1842,  '64,  '72. 
Lionasa  borealis,  I,  1882. 
LinDseus,  Chinese  puzzle,  I,  1881;  cor- 
respondence, I,  1843,  '54 ;    Sy sterna, 

Richter,  II,  1841. 
Linnean  society,  II,  1874 ;  address,  Ben- 

tham,  II,  1862,  '73 ;  Journal,  II,  1856, 

'62,  '65,  '68,  '73,  '75,  '78,  '79,  '82,  '86; 

Transactions,  II,  1848,  '52,  '79. 
Linum,  dimorphism,  II,  186R. 
Literature,   see    bibliography,    Bohnen- 

sieg,   Buek,   index,   Mueller,   Pritzel, 

Walpers,  Watson. 
Littorella,  I,  1880. 

Liverworts,  I,  1848,  '56;  see  Hepaticse. 
Lloyd,  drugs,  II,  1884-'86. 
Loasella,  II,  1887. 
Lobeliaceae,  I,  1861. 
Lockwood,  E.,  Mahwa  tree,  II,  1879. 
Loco,  I,  1878. 

liOew,  E.,  flowers  and  insects,  II,  1887. 
Loganiaceae,  I,  1859 ;  Bentham,  II,  1856. 
Lolium,  II,  1873. 
Longevity  of  trees,  I,  1844. 
Lonioera  grata.  I,  1883,  '84. 
Loranthaoese,  Oliver,  II,  1863. 
Lorentz,  P.  G.,  Ill,  1884;   collections, 

Grisebach,  II,  1875. 
Loudon,  Arboretum  et  fruticetum,   II, 

1841  ;    Encyclopsedia    of    trees    and 

shrubs,  II,  1842. 
Loudon,  Mrs.,  Ill,  1859. 
Louisiana,  Langlois,  I,  1887. 
Lowe,  Rev.  R.  T.,  Ill,  1876. 
Lowell,  John  Amory,  III,  1882. 
Lubbock,  J.,  flowers,  fruits  and  leaves, 

II,    1886;    flowers    and    insects,   II, 

1875;    lectures,    II,    1879;    natural 

history,    II,  '  1884  :     phytobiological 

observations,  II,  1886. 
Lupulin,  Personne,  II,  1856. 
Lycopodiacete,  Spring,  II,  1842. 
Lyell,  biography,  II,  1882;  Ferns,  II, 

1870. 
Lynch,  aquatic  plants  and  Thladiantha 

dubia,  II,  1887. 
Lythraceae,  Eoehne,  II,  1885. 

Mackay,  JII.  1863. 

Macloskie,  Elementary  botany,  II,  1883. 
Macmillan,  H.,  First  forms,  II,  1876. 
Macoun,  J.,  Canadian  plants,  II,   1878, 

'86,  '87  ;  British  Columbia  and  Rocky 

mountains,  II,  1877. 
Maggridge,  J.  T.,  Ill,  1875. 
Magnolia  seeds,  I,  1855,  '58;  Miers,  II, 

1855. 
Mahwa  tree,  Lockwood,  II,  1879. 
Maine  flora.  Young,  II,  1848. 


Malesia,  Beccari,  II,  1879,  '83,  '84. 

Malvaceae,  androeciimi,  Schroeter,  II, 
1883. 

Mammoth  trees,  I,  1854. 

Mandon,  III,  1868. 

Manila  plants,  Kamel,  II,  1886. 

Mann,  Horace,  III,  1869. 

Mantissa  botanica,  Endlicher,  II,  1842, 
'44. 

Manual,  I,  1848,  '56,  '59,  '63,  '67;  Gray, 
II,  1863,  '68;  catalogue  of  plants  in, 
II,  1859;  Balfour,  II,  1849;  Rocky 
Mountains,  Coulter,  II,  1886;  British 
Algae,  Harvey,  II,  1852;  Mosses,  Les- 
quereuz  and  James,  II,  1884;  South- 
ern states,  Darby,  II,  1841. 

Marattiacese,  DeYriese  and  Harting,  II, 
1855. 

Marocco,  Hooker  and  Ball,  II,  1879. 

Marshall,  Humphrey,  memorial  of,  II, 
1850. 

Marsilia,  Braun,  II,  1864,  '71,  '73;  M. 
quadrifolia,  I,  1860. 

Martens,  III,  1864. 

Martins,  C.  F.  P.,  on  Robert  Brown,  II, 
1859;  Flora  BrasQiensis,  II,  1843,  '47, 
'52,  '55,  '56,  '58,  '60-'68,  '70-'79,  '82- 
'84,  '86,  '87 ;  Materia  medica,  Brasil- 
iensis,  II,  1844;  herbarium,  II,  1870; 
palaeontology  of  France,  II,  1877 ; 
Palms,  II,  1852. 

Maryland  Mosses  and  Hepaticse,  I,  1846. 

Massachusetts,  Calluna,  I.  1876;  Trees 
and  shrubs,  Emerson,  II,  1847,  '75; 
Worcester  Co.  plants,  II,  1883. 

Masters,  M.  T.,  II,  1857,  '62,  '86;  botany 
for  beginners,  II,  1872 ;  Primulacea;, 
II,  1878;  teratology,  II,  1870. 

Mastodon,  food  of.  I,  1847. 

Materia  medica,  Martins,  II,  1844;  also 
see  Liudley. 

Mauritius,  flora,  Baker,  II.  1878. 

Maw,  Crocus,  II,  1867. 

Maximilian,  Aroideie,  II,  1880. 

Maximowicz,  C.  J.,  Amur,  II,  1860; 
Asiatic  plants,  II,  1882,  '86  ;  Coriaria, 
Ilex  and  Monochasma,  II,  1882;  Dia- 
pensiacea;,  II,  1871 ;  Japan,  11,  1874; 
Lespedeza,  II,  1874;  pollen,  II,  1872; 
Rhododendrcffi,  II,  1871;  Spiraeacese, 
II,  1879. 

May-apples,  I,  1867,  '74. 

Mayer  and  Wolkoft*,  respiration,  II,  187G. 

McCarthy,  see  Wood 

McNab,  J.,  Ill,  1879;  and  Dyer,  peri- 
gynium,  II,  1874. 

Mead,  S.  B.,  Ill,  1882,  '84. 

Meanwhile,  what  should  be  done?  I,  '80. 

Meat  diet  for  plants,  I,  1878. 

Medical  flora,  Lindley,  II,  1841;  index, 
Pollock,  II,  1873;  see  Martins. 
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Meehan,  T.,  flowers  aod  ferns,  II,  1878, 
'79,  '80;  insect  fertilization,  II,  1876. 

Megarrhiza,  germioatioD,  I,  1877. 

Meissner,  C.  F.,  II,  1856,  III,  1874. 

Melanthacese,  I,  1837. 

Melastomaceffi,  Triana,  11,  1873. 

Mellichamp,  J.  F.,  Sarraoenia  variolaris, 
II,  1874. 

Menodora,  I,  1852. 

Mentzelia  omata,  beheading  flies,  I, 
1879. 

Menjanthes  trifoliata,  I,  1875. 

Mesembrianthemum,  I,  1880. 

Metamorphosis  of  plants,  Goethe,  II, 
1864. 

Mettenius,  III,  1868. 

Metzgerise,  Lindberg,  II,  1878. 

Mexican  boundary,  see  U.  S.  Govt 

Mexico,  collections  from,  I,  1861,  '85- 
'87  ;  Compositas,  I,  1879 ;  new  Ferns, 
Eaton,  II,  1874;  Pyroleai  and  Mono- 
tropeae,  II,  1870. 

Meyer,  vegetable  physiology,  II,  1841. 

Meyer,  C.  A.,  Ill,  1855. 

Meyer,  E.  H.  F.,  Ill,  1859. 

Micbaux,  F.  A.,  Ill,  1856;  grove  of 
oaks,  IT,  1870;  Plantes  des  Michaux, 
Brunet,  II,  1864;  Sylra,  II,  1841,  '42. 

Micheli,  vegetable  physiology,  II,  1872. 

Micheoer,  Ezra,  III,  1888. 

Michigan  Pomological  Society,  II,  1874 ; 
Michigan  products,  II,  1876. 

Micrograpliic  dictionary,  Griffith  and 
Henfrey,  II,  1854-'56;  on  ergot,  II, 
1855. 

Microacope.  Bebrens,  II,  1885;  Micro- 
scopic botany,  see  Babcock,  and 
Herrick. 

Miers,  J.,  Ill,  1880;  Apocynaceae^  II, 
1878;  contributions,  II.  1872;  Bar- 
ringtoniace.'c,  II,  1876;  Lecythidacese, 
II,  1875;  seeds  of  Magnolia,  II,  1855  ; 
South  American  plants,  II,  1858. 

Milde,   III,  1872. 

Mimoseae,  Bentham,  II,  1875. 

Mimiilus  (lentatus,  I,  1882. 

Mineralogy,  I,  1834. 

Minnesota  Botany,  II,  1887;  Upham, 
II,  1884. 

Miocene,  see  palaeontology. 

Miquol,  F.  A.  \V.,  Ill,  1872;  India,  TI, 
185G,  '58;  Japan,  II,  1867,  '68;  Jour- 
nal de  Botanique,  II,  18fi2. 

Miquel  and  DeVriese,  Plant?©  Jiing- 
huhnianiu,  1 1,  1854. 

Mirabilis,  I,  1859. 

Miscellanea,  Bertolini,  II,  1852.  '55,  '57. 

Mistletoe,  I,  1872;  Van  Tieghem,  II, 
1872. 

Mitchella  repens.  how  fertilized,  I,  1876  ; 
white  berries,  I,  1879. 


Mitten,  11,  1859,  '61 ;  bryology,  Amer- 
ica, II,  1 864 ;  Musci  Anfitr-Americani 
II,  1870. 

Mohl,  Hugo  von.  III,  187.^;  anatOBj 
and  physiology,  II,  1853;  cellaiose, 
II,  1853;  chlorophyll,  II,  1855;  di- 
morphism, II,  1865 ;  embryo,  II.  185^; 
Sciadopitys  verticillata,  U,  1871. 

Molkenboer,  II,  1852,  III,  1855. 

Monimiacese,  II,  1856. 

Monochasma,  Maximowicz,  11, 1882. 

Monocotyledons  epigyiue,  Croger.  II. 
1853. 

MoDoptilon,  I,  1844. 

Monotropese,  I,  1857;  Lange,  U,  1870. 

Montague,  III,  1866. 

Monterey  Pine  and  Cypress,  I,  1885. 

Montreal,  Nat.  Hist.  Soc.  address,  Daw- 
son, II,  1874. 

Moore,  D.,  Ill,  1879.  '80. 

Moore,  T.,  II,  1858,  '60. 

Moquin-Tandon,  A.,  Ill,  1864;  Cheno- 
podeae,  II,  1841 ;  teratology,  II,  1841. 

Moricand,  S.,  Ill,  1854;  Plantes  doq- 
velles  on  rares  d'Amerique,  II,  1847. 

Moris,  Guiseppe,  III,  1870. 

Morphology,  I,  1842,  '74;  Bapiisit  per- 
foliata,  I,  1871;  Goebel,  II,  1887: 
Helianthus,   GUbrest,  II,  1880;    sta- 

.    men?,  I,  1867. 

Morren,  C.  F.  A.,  Ill,  1859. 

Morren,  E.,  Ill,  1887, 

Morrow,  James,  I,  1 857. 

Mosses,  I,  1848,  '56;  Australian,  II. 
1866;  British  Braithwaite,  II,  18S1. 
'87;  check-list,  Cummings,  II,  1SS5; 
Cuba,  II,  1862;  cultivation,  Higgins. 
II,  1857;  hybridation,  Philibert  Jl. 
1873;  Icones,  Sullivant,  II,  1864.  '75: 
iodine  in,  II,  1843;  Lesquereiix  and 
James,  II,  1884;  Lindberg.  II,  1SS2; 
Mitten,  II,  1864,  '70;  Musci,  AUe- 
ghanienses,  I,  1846;  Appalachiani. 
Austin,  II,  1871,  '72;  Austr-Ameri- 
cani.  Mitten,  II,  1870;  Boreali-AE>er- 
icani,  Sullivant  and  I>e8quereui.  U. 
1857,  '66;  Rau  aud  Hervey,  If,  18?0: 
Sullivant,  II.  1875;  Venezuela,  II. 
1879. 

Moths,  trapping  of,  I,  1880. 

Mougeot,  J.  B.,  Ill,  1859. 

Movements,  I,  1872,  '80;  Darwin.  II. 
1881;  Dionffia,  DeCnndoUe,  II,  1876: 
Drosera,  Bennett,  II,  1873;  tendrils, 
Penhallow,  II,  1887. 

MueUer,  C,  III,  1H72;  Ann.  Bot  Sm.. 
II,  1862,  '65;  Crj-ptogams,  II,  1852. 

Mueller,  C,  and  Walpers.  Synopsis  plan- 
tarura,  II,  1857;  see  Walpers. 

Mueller,  P.,  II,  1858,  '59;  Flora  Au?- 
traliensis,   see   Bentham;    Fragmeota 
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phytographiae  Australia,  II,  1859,  '76; 
AustraliaD  plants,  II,  1883;  Chatham 
islands,  II,  1866;  Eucalyptographia, 
n,  1879,  '86;  Eucalyptus,  II,  1859; 
indeXf  II,  1880;  Australian  mosses, 
II,  1866;  Victoria  plants,*  II,  1864, 
'79. 

Mueller,  H.,  fertilization,  II,  1883. 

Mueller,  J.,  anthers,  II,  1867  ;  Euphor- 
bia, II,  1872. 

Mummies,  peas  from,  I,  1875. 

Munro,  W.,  II.  1862,  III,  1880,  '82,  '84; 
Barabusacete,  II,  1870. 

Murray,  A.,  Ill,  1879. 

Musaratic  chapel,  I,  1882. 

Musci,  see  Mosses. 

Museum,  II,  1879;  British  national,  I, 
1859;  Leyden,  II,  1864, '67,  74;  Kew, 
II,  1886. 

Mushrooms,  Palmer,  II,  1885. 

Mycetozoa,  DeBary,  II,  1887. 

Myosurus,  I,  1886. 

Naias  major,  I,  1865. 

Nama,  I,  1882. 

Names  of  herbes.  Turner,  II,  1882;  of 
plants,  II,  1887,  Smith,  II,  1882; 
British  plants,  Prior,  II,  1864,  '71, 
'80  ;    Indian  plants,  Watson,  II,  1869. 

Nathorst,  A.  G..  fossil  leaves,  II,  1886 ; 
Japan's  fossil  flora,  II,  1883. 

Natural  history,  Lubbock,  II,  1884; 
transactions  and  journals,  Bentham, 
II,  1866;  Natural  science  and  reli- 
gion, I,  1880;  Natural  selection;  see 
Selection ;  see  religion. 

Naturalized  plants  in  France,  Lamie,  II, 
1886;   South  America,  Schomburgk, 

II,  1880;  see  weeds. 

Nature,  does  it  forbid  providence?  I, 
1878;  uniformity,  Newcomb,  I,  1878. 

Naudin,  Cucurbita,  II,  1857;  heredity 
variability,  II,  1876 ;  and  Godron, 
hybrids,  H,  1865. 

Nectar,  Wilson,  II,  1878. 

Nees  von   Esenbeck,  C.  G.,  II,   1852, 

III,  1859;  Flora   Danica,   II,   1854; 
Flora  Germanica,  II,  1852,  '54. 

Neisler,  pea-nut,  II,  1856. 

Nelumbo  lutea,  I,  1887. 

Nemacaulis,  I,  1887. 

Nemacladus,  I,  1875. 

Nereis,  Harvey,  II,  1852,  '53,  '59. 

Nevada,  collections  from,  I,  1865. 

Neviusia,  I,  1859. 

New  Analogy,  see  religion. 

New  Bedford  plants,  Hervey,  II,  1861. 

Newberry,   J.   S.,   I,    1857 ;    Ohio,   II, 

1861. 
Newbould,  W.  W..  Ill,  1887. 
New  Brunswick  plants,  Fowler,  II,  1885. 


Newcomb,  Dr.,  I,  1878. 

New  England  Lichens,  Tuckerman,  II, 
1848;  orchids,  Baldwin,  II,  1884. 

New  genera,  see  new  species. 

New  Jersey  plants,  Willis,  II,  1874,  '77. 

New  Mexico,  collections  from,  I,  1878 ; 
Fendler,  I,  1849;  Thurber,  I,  1854; 
Wright,  I,  1852,  '53;  Nyctaginaceae, 
I,  1853;  wild  potatoes,  I.  1856. 

Ne?r  species  and  genera :  New  genera, 
I,  1844,  '46,  '51-54,  '59,  '71,  '73,  '76- 
'78,  '80,  '84,  '85;  Engelmann,  II, 
1869;  new  parasitic  plant,  I,  1872; 
new  species,  I,  1844-'46,  '53,  '54, 
'69,  '61,  '65,  '68,  '71-'74,  '76,  '78, 
'79,  '82,  '83,  '88;  new  ComposiUe,  I, 
1879,  '83;  new  species  from  New 
York,  I,  1835;  Scirpus,  I,  1864;  ferns 
from  Mexico,  Eaton,  II,  1874;  new 
species,  Moricand,  TI,  1847.  , 

New  York,  new  species  from,  I,  1836 ; 
Salina  plants,  1, 1865;  Scolopendrium, 

I,  1 866 ;  see  Paine,  and  Pursh. 
New  Zealand  institute,   II,    1885;    see 

Hooker. 
Newman,  E.,  Ill,  1877. 
Nicobar  Islands,  Kurz,  II,  1877. 
Niesler,  Indigofera  Garoliniana,  II,  1857. 
Niger  flora,  Bentham,  II,  1852. 
Nissolia,  I,  1861. 
Nitrates,    Nitrogen,    Boussingault,    II, 

1856,  '58. 
Nolte,  E.  F.,  Ill,  1876. 
Nomenclator    botanicus,     Steudel,     II, 

1841;  zoologicus.  Agassiz,  II,  1847. 
Nomenclature,  I,  1864,  '67,  '68,  '79,  '80, 

'82,  '87;  Bentham,  I,  1879,  II,  1857; 

Cogniaux,  II,  1877 ;    DeCandoUe,  II, 

1867,    '70,   '83;    Ferns,    Hincks,    II, 

1870;    fossil    leaves,    Nathorst,     II, 

1886;  Saint  Lager,  II,  1886. 
North  America,  see  America,  North. 
North  Atlantic,  see  Atlantic. 
North  Carolina,  I,  1842,  '79;  Curtis,  II, 

1860. 
Northern  U.  S.,  statistics  of  the  flora,  I, 

1856. 
Northrop,  B.  G.,  tree-planting,  II,  1878. 
North's  paintings  of    plants,  Hemsley, 

II,  1886. 

Norwegian  flora,  immigration,  II,  1876. 

Nostochineae,  Bomet,  II,  1876. 

Notabilia,  II,  1870. 

Notaris,  J.  de,  III,  1877,  '78. 

NotulflB,  I,  1880. 

Nova  Scotia,  institute,  II,  1877  ;  Littor- 

ella  and  Schizaea,  I,  1880;  Sommers, 

II   1877 
NuttaU,   T.,   II,    1859,   '60;    Michaax*8 

sylva,  II,  1841,  '42. 
Nyctaginacese,  I,  1863,  '69. 
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Ny lander,  Synopsis  licheDum,  II,  1858. 
Nyman,  C.  F.,  conspectus,  II,  1879,  *83. 
Nymphaea  flava,  I,  1876. 

Oaks,  DeCandolle,  II,  1863  ;  Engelmann, 
II,  1876;    Michaux  grove,  II,  1870; 
Oersted,  II,  1870. 
Obalaria  Virginica.  I,  1856. 
Oersted,    III,  1873;    Gupuliferse,    Jug- 
lande®,  II,  1870,  '71;  Pilze,  Lich^nen 
und  AJgen,  II,  1873. 
Ogle,  fertilization,  II.  1870. 
Ogston,  poisoning  of  plants  by  arsenic, 

II,  1860. 
Ohio  plants,  Newberry,  II,  1861. 
Olive  disease,  Farlow,  H,  1876. 
Oliver,    II,  1867,  '50-*61 ;    the  anther, 
II,    1862;    Elementary    botany,    II, 
1864;  Loranthacese,  II,  1863;   tropi- 
cal Africa,  11,  1870,  '72,  '78;    wood 
cells  of  Hamamelideie,  II,  1862. 
Olney,  S.  T.,  Ill,  1879. 
O'NeUl,  T.  W.,  Darwinism,  II,  1880. 
Onion-smut,  Farlow,  11,  1877. 
Orangpe  disease,  Farlow,  II,  1876. 
Orchidacea),  Baldwin,  II,  1884;  fertiliz- 
ation,* I,  1862,  '63;  fertilization,  Dar- 
win, II,  1862,  '70,  '77, '78;  Lindley, 
II,  1863,  '54  ;  Lindley,  Cuba,  II,  1868 ; 
Pollen,  Reichenbach,  II,  1856;  struc- 
ture, I,  1863;  Wibbe,  II,  1878;    see 
Lady-slippers. 
Orchis    rotundifolia,    1,     1877;    Orchis 

tribe,  synonymy,  I,  1840. 
Oregon  plants.  Hall,  I,  1872,   II,  1872. 
Organismes  problematiques,  Saporta,  II, 

1885. 
Orgauisme,  production  of  inclosed   ves- 
sels, Child,  TI,  1865. 
Organogeny,  Payer,    II,    1855;   Gnetum 

(Jneraon,    11,  1877. 
Organography,  1,  1842. 
Orient,  see  Asia,  and  Boissier. 
Origin  of  life,  Phillips,  II,  1861 ;  of  the 
flora  of  Atlantic  N.  America,  1,  1872  ; 
of  species,  see  species ;    of  varieties, 
11.  186:^. 
Orobanchaceas  I,  1857. 
Orotava,    Dragon    tree,    Teneriffe,    II, 

18G8. 
Orphanides,  T.  G..  Ill,  1887. 
Ostrich  Fern,  Campbell.  II,  1887. 
Ovules   and   seeds,    Van   Tieghem,    II, 

1873. 
Owens  college  addresses,  II,  1874. 
Oxford  botanists,  Lawson,  II,  1870. 
Oxyhaphus,    I,   1859;    0.    nyctagineus, 

cleistogenous,  T,  1873. 
Oxytropis,  1,  1864,  '84. 
Oyster,  J.  H.,  catalogue,  II,  1885. 
Ozone,  Daubeny,  il,  1867. 


Pachystigma  Oanbyi,  I,  1874. 
Pacific  railroad  surveys  and  explonoff 
expeditions,  see  U.  S.  Govt;  batmj, 
Rattan,  II,  1887;  see  California. 
Pailleux,  A.,  et  D.   fiois,   potager,  II 

1885. 
Paine,   Oneida  county,  N.  Y^  II,  1861 
Palaeontology:   Bowman,    loAisoria,  II, 
1841 ;    British  fossil  flora,  II,   1872; 
fruits  or  seeds,  Broogniait,  II,  1676: 
Engler,  tertiary,  IL  1882;  Heer,Fkn 
fossilis    Arctica,   II,    1872,   *77,  '7»; 
Lesquereux,  Arkansas,    II,  1861,  Si- 
erra Nevada,  II,  1878,  territories,  II, 
1878;    Martins,    France,     11,    1877; 
Natborst,    Japan,     II,     1883,   foail 
leaves,   II,  1886;    Saporta,  II,  1879. 
Algte,  II,  1883,  Miocene,  Greece,  II. 
1875,  organismes  problematiques,  II. 
1886,  tertiary,  I,  1872;  Unger,  fossfl 
flora,  11,  1846,  geoL  distr.  d  palmsL 
II,    1846,   bildungsperiod,   II,   ISdS: 
Williamson,  Primeval  Yegetatioo,  II. 
1874. 
Palmer,  E.,  collections  by,  I,  1879,  '87. 

Palmer,  Mushrooms,  II,  1885. 

Palms,  Andersson,  11.  1870;  Martius, 
II,  1852;  geological  distribution,  II. 
1846. 

Pandaneae,  De  Yrieae,    II,  1854;  F^o* 

danus,  Balfour,  IL  1879. 
Parasite,  change  of  habit  II,  1872. 
Pareira  brava,  Hanbury,  11,  1873, 

Paris  flora,  St.  Pierre,  II,  1864,  '83: 
Cosson,  II,  1883. 

Parishella  Califomica,  I,  1882. 

Parker,  C.  F.,  Ill,  1884. 

Parkman,  F.,  hybridization  of  Lilies,  II. 
1878. 

Parlatoro,  F.,  HI,  1877,  '78;  ctitton.  II. 
1867;  ilora  Italians,  II,  1884.  '86; 
eulogy  on  Webb;  11,1 858 :  see  Came!. 

Parnassia,  I,  1871. 

Parry,  Dr.  C.  C,  collections  by,  I,  \^^\ 
'79;  Chorizanihe,  II,  1884:  Mexican 
boundary,  II,  1859;  Rockv  Mounuin 
flora,  II,  1862, 

Parthenogenesis,  II,  1863;  in  Fern? 
II,  1874;  Kegel,   II,  1859. 

Partridge-berry,  I,  1876,  '79. 

Patagoniau  flora,  Ball,  II.  1884. 

Patterson,  check-list,  II,  1885,  '87 

Paullinia  sorbilis,  II,  1863. 

Pax,  F.,  Acer,  II,  1886. 

Paxton,  III,  1866. 

Payer,  Organogenie  vegetale,  II,  1855. 

Peach-stones,  Wilkins,  11,  1887. 

Peas  from  mummies,  I,  1875. 

Pea-nut,  Neisler,  II,  1856. 

Pear,  II,  1858;  blight,  Arthur,  II,  1887. 

Peat  Mosses,  Lindberg,  II,  1882. 
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Peck,  report  on  botany,  II,  1872 ;   see 

Cooke. 
Pedigrees  of  flowers,  II,  1884. 
PenhaUow,  tendrils,  II,  1887. 
PeotBtemon,    I.  1862;    sterile  filament, 

Errera,  II,  1879.. 
Peoria  fiora,  Brendel,  II,  1883. 
Pep^rac^es,  DeCandolle,  II,  1867. 
Perigjmium,  McNaband  Dyer,  II,  1874. 
Periodicity    in    vegetation,    Hyatt,   II, 

1876. 
Perottet,  lU,  1872. 
Personne,  Lupulin,  II,  1855. 
Peruvian  Andes,  flora,  Ball,  II,  1886. 
Peyritch,  J.,  Aroidese  Maximilianse,  II, 

1880. 
Pfeiffer,  L.,  Ill,  1879. 
Phacelia  Ixodes,  Kellofrg,  II,  1884. 
Phaeno^roia,  DeCandolle,  II,  1881,  '83 ; 

Gray,  II,  1854;  Planchon,  II,  1887. 
Pharmaceutical    museum,    Hplmes,   II, 

1878. 
Pharmacographia,  Fltickiger  and   Han- 

bury,  II,  1875. 
Philifa«rt,   hybridation   in    Mosses,    II, 

1873. 
PhiUips,  J.,  origin  of  life,  II,  1861. 
Phycologia,  see  Harvey. 
Phyllotazis,  I,  1849. 
Physalis,  I,  1874. 
Physiological  botany,  I,  1857.  II,  1846, 

'70;  DeVriese,  II,  1886;  Goodale,  II, 

1885;    Henfrey,  II,  1846;    Link,   II, 

1844;  Meyer,  II,  1841;    Micheli,  II, 

1872;    Mobl,   II,   1853;    Sachs,    II, 

1887;  Vines,  II,  1886. 
Physiological  groups,    DeCandolle,    II, 

1874. 
Phytobiological  observations,  Lubbock, 

II,  1886. 
Phytogamy,  II,  1878. 
Phytogeo^enesis,  Kunze,  II,  1883. 
Phytographia    Canarlensis,    Webb,    II, 

1852. 
Phytography,    DeCandolle,    II,    1880 ; 

Kuntze,  II,  1880. 
Phytons,  I,  1849. 
Pickering,  Charles,  III,  1879. 
Pictet,  see  DeCandolle. 
Pilularia,  Braun,  II,  1864,  '71,  '73. 
Pinguicula,  Dickson,  II,  1870. 
Pittonia,  Greene,  II,  1887. 
Pinus,  I,  1885;  Rngelroann,  II,  1880. 
Planchon,  J.  E.,  Phanerogamse,  II,  1887. 
Planera  aqualica,  I,  1868. 
Plantaginaceae,  L  1857. 
Plantain,  I,  1876, '78. 
Plant,   analysis,   Kellerman,   II,    1884; 

diseases,  Farlow,  II,  1877  ;  dissection, 

Arthur,  Barnes  and  Coulter,  II,  1886 ; 

life,  II,  1 886 ;  names,  see  Names. 


Pleine  Terre,  fleurs  de,   Vilmorin,   II, 

1864,  '68,  '71. 
Pluchea,  I,  1882. 
Podoetemacese,  Tulasne,  II,  1853;  Warm- 

mg,  II,  1881,  '82. 
Poeppig,  Edward,  III,  1869. 
Point    Barrow    expedition,   see    U.   S. 

Govt 
Poisonous  plants,  I,  1878. 
Polemoniaceffi,  I,  1870. 
Pollen,  action,  Maximowicz,  II,   1872 ; 

foreign,    I,    1858 ;     Orchidaces,    II, 

1855. 
Pollock,  A.,  Medicinal  plants,  II,  1873. 
PolsdorjQE,  see  Wieg^ann. 
Polyembryony,  Braun,  II,  1861;  Stras- 

burger,  11,  1879. 
Polynesia,  I,  1863,  '69;   Thymeleae,   I, 

1865. 
Pol3rpetal8e,  I,  1887,  '88;  nomenclature, 

I,  1879. 

Pomacese,  Decaisne,  II,  1875. 
Pomology,  Enenth,  II,  1880. 
Porto  Rico  plants,  II,  1884. 
Potaroogeton  crispus,  I,  1860. 
Potato,  sweet,  I,  1878;  wild,  I,  1856; 

rot,  I,  1876. 
Potentillse,  Lehmanp,  II,  1857. 
Prantl,  inuline,  U,  1872. 
Presl.  Ill,  1853. 

Primaeval  vegetation,  see  paleontology. 
Primulacese,  Masters,  II,   1878;   S^tt, 

II,  1865;  Van  Tieghem,  U,  1872. 
Pringsheim,  II,   1858;   Algze,  II,  1856; 

JahrbQcher,  II,  1858. 

Prior,  R.  C.  A.,  names  of  British  plants, 
II,  1864,  '71,  '80. 

Pritzel,  G.  A.,  Ill,  1875;  index,  II, 
1856,  '70;  Thesaurus,  II,  1862. 

Prodromus,  Planchon,  II,  1887  ;  see  De- 
Candolle. 

Proserpina,  Ruskin,  II,  1875. 

Prothailus,  asexual  growth  from,  Far- 
low,  II,  1874. 

Provancher,  Flore  Canadienne,  II,  1 863. 

Providence,  does  nature  forbid?  I,  1878. 

Pseudocentrum,  Jameson,  II,  1858. 

Pteris  Cretica,  asexual  growth  of  pro- 
thailus, U,  1874. 

Purkinje,  J.  E.,  Ill,  1870. 

Purpose  of  plant-creation,  I,  1866. 

Pursh,  Journal,  II,  1870. 

Pyroleae,  Lange,  II,  1870. 

Pyrus,  Decaisne,  II,  1872. 

Rabenhorst,  III,  1882,  '84;  Kryptoga- 
men-flora,  Limpricht,  II,  1886. 

Radicle-ism,  I,  1864. 

Radlkofer,  embryo,  II,  1856;  fecunda- 
tion, II,  1858;  Serjania,II,  1875,  '87. 

Rafflesiaceae,  Weddell,  II,  1852. 
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Rafinefique,  C*  S.,  botanical  writiDga,  I, 
1841. 

Ralph,  II,  1869. 

Rand,  E.  S.,  RhododendroD  and  Ameri- 
can plants,  II,  1871. 

Ranunculacese,  Canadian,  Lawson,  II, 
1871 ;  Ranunculus,  I,  1882,  '86. 

Raspail,  F.  V.,  Ill,  1879. 

Rattan,  V.,  California  flora,  II  1879, 
'82 ;  West  Coast  botany,  II,  1887. 

Rau  and  Henrej,  Musci,  II,  1880. 

Ravenel,  H.  W.,  Ill,  1888;  Funf?i  Caro- 
liniani,  II,  1852,  '53,  '61. 

Redfleld,  J.  a,  I,  1879. 

Redwood  reserve,  II,  1887. 

Refugium  botanicum,  II,  1872,  '79. 

Regel,  E.,  Betulaceas,  II,  1862;  Hort. 
Petropolitani,  II,  1873 ;  partheno- 
genesis, II,  1859;  Vitis,  II,  1874. 

Reichenbach,  H.  G.  L.,  Ill,  1879,  '80; 
pollen  of  Orchidese,  II,  1855;  Refu- 
gium  botanicum,  II,  1879. 

Reinwardt,  III,  1854. 

Reissek,  III,  1872. 

Religion,  evangelical,  vs.  evolution,  I, 
1882;  evolution  and  theology,  II, 
1874;  religion  and  science,  I,  1880; 
natural  theology,  I,  1860,  '83,  II, 
1860;  future  life,  II,  1878;  Celariens, 
New  analogy,  1 1,  1 882  ;  Drummond, 
Natural  law  in  the  spiritual  world,  II, 
1884;  Fiske,  Destiny  of  man,  II, 
1884  ;  Goodwin,  Science  and  faith,  II, 
1884;  Graham,  Creed  of  science,  II, 
1882;  Hodges,  Darwinism,  II,  1874: 
Hodges,  Systematic  theology,  II,  1874; 
Kingsley,  Westminster  sermons,  II, 
1874;  LeConte,  Religion  and  science, 
1 1, 1874  ;  Wright,  Christian  evidences, 
1 1,  1 880  ;  see  Darwinism  ;  evolution ; 
natural,  nature  selection. 

Renault,  B.,  Botryopteris  forenais,  II, 
1876. 

Repertorium,  see  Bohnenzieg,  Walpers. 

Reproduction,  in  the  Aljrfe,  Pringsheim, 
II,  185();   Prim ulacea3,  Scott,  II,  1865. 

Resinous  matters,  DeVriese,  II,  1882. 

Respiration,  Mayer  and  Wolkoff,  II, 
187(5. 

Reuter,  II T,  1873. 

Revista  botanica,  Delpino,  II,  1879. 

Revue  Mycologique,  II,  1879. 

Reyuosia  latifolia,  I,  1879. 

Rhododendreaj  Asiit;,  Maximo wicz,  II, 
1871 ;  Rhododendrons,  Rand,  II,  1871; 
Himalaya,  Hooker,  II.  1852;  R.  (Aza- 
lea) Vaseyi,  I,  1883;  R.  maximum, 
Lawson,  II,  1877. 

Rhytidandra,   I,  1854,  '62. 

Rhynchospora,  I,  1834. 

Ribes,  I,  1876. 


Rice  paper  plant,  Hooker,  II,  1852. 
Richard,  M.  A.,  Ill,   1863;   Cuba,  II. 

1852. 
Richardson,  III,  1866. 
Richella,  I,  1852. 

Richter,  Linnaeus'  sy sterna,  II,  1841. 
Riddell,  III,  1866. 
Ridgeway,  R.,  trees,  II,  1882. 
Ridley,  II,  1886. 
Robbins,  J.  W.,  Ill,  1879,  '80. 
Robinia  hispida,  I,  1867,  '68. 
Robinson,  J.,  Ferns,  II,  1878. 
Rocky  Mountains,  coUeciionB  from,  I. 

1863;    Hall  and  Harbour,  II,   1863. 

Parry,  I,   1862;    new  Compositas,  I, 

1844;  flora.  Parry,  II,  1862;  Maoouo, 

II,  1877;  Manual,  Coulter,  II,  1886; 

vegetation,  I,  1881. 
Roeper,  J.  A,  C,  III,  1886. 
Rohrbach,  III,  1872. 
Rootlets,   Henfrey,   II,   1859;   Tirginia 

creeper,  tl,  1863. 
Roots  and  '*yarb8,"  I,  1879.    . 
Rosa,  Cr^pin,  II,  1876. 
RosacesQ,  I,  1859. 
Rostaflnski,  Hematocoocus  lacustris,  II, 

1875. 
Rothrock,  100th  meridian,  II,  1879. 
Royle,  J.  F.,  Ill,  1858. 
Rubiacese,  I,  1858. 
Rubus,  Kuntze,  II,  1880;  R.  delknosus, 

I,  1873;  R.  Idaeus,  II,  1873. 
Rudolph,  Pflanzengeographie,  II.  1870. 
Rumex  Britannica,  I,  1872. 

Rum  ford  medal,  1,  1866. 

Ruppia  maritima,  I,  1865. 

Ruprecht,  III,  1872;  Caucasus,  II,  ISIO: 

Russia,  II,  1847. 
Ruskin,  Proserpina,  II,  1875. 
Russell,  J.  L.,  Ill,  1874. 
Russia,   flora,   Ledelxjur,    II,    1842,  '43. 

'47,    '48,    '52;     Ruprecht,    II,    1847; 

Trautvetter,  II,  1847. 

Sachs,  text-book,  11,  1875;  physiology, 

II,  1887. 
Sagra,  III,  1872. 

Saint  Clair,  G.,  Darwinism,  II.  1874. 
Saint  Hilaire,  A.  de.  Lemons  de  botan- 

ique,  II,  1841. 
Saint  Lager,  Histoire  des  herbiers,  U. 

1886;  nomenclature,  II,  1886. 
Saint  Louis  Academy,  1 1,  1 8G3 :  Enj?e)- 

mann,  II,  1878. 
1  Saint  Petersburg,  Acta,   11.   18S7;  cvd- 

gress,  II,   1887  ;   plants,  Fischer,  and 

Meyer,  H,  1847;  Regel,  II,  1873. 
Saint  Pierre,  Paris,  11,1 864  ;  see  C<.>«3on. 
Salisbury,  genera  of  plants,  II,  1866. 
Salix,  Andersson,  II,   1858,  '67  ;  Wim- 

mer,  II,  1867  ;  see  willow. 
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,  Prince,  III,  1862. 
B.,   II,    1851;   see   Hooker, 

CaDadensis,  I,  1867,  *68. 

:.,  1,  1859. 

)d,  I,  1859. 

Lslands,  Compositfe,  I,  1849, 

idal-wood,  I,  1859. 

8CO  plants,  Behr,  II,  1884. 

a,  three-flowered,  I,  18 1 7. 

I,  1878;  see  U.  S.  Govt. 
Potosi,  collections,  I,  1875. 
)ara  weeds,  I,  1879. 

;,  r,   1846;  Van  Tieghem,  11, 
antalum.  I,  1859. 
ation,  Hoffmann,  IT,  1863. 
e,  Radlkofer,  II,  1875. 
[arquis  de.  Algues  fossiles,  II, 
rchieology,  II,  1879;  miocene, 

II,    1875;   Orgaoismes  prob- 
les,  II,  1885. 
,  Hartog,  II,  1878. 
eaj,  nine,  II,  1879. 
).  S.,  prizes  for  arboriculture, 

;  forests,  II,  1885;  Michaux, 
;  tree-planting,   II,  1876, '78; 

II,  1885. 

,  fly-catching  in,  I,  1873;  S. 

a,    II,    1878 ;    S.    variolaris, 

imp,  II,  1874. 

coHj,  Zipporer,  II,  1885. 

[I.  P.,  Ill,  1868. 

Rofugium  botanicum,  II,  1872. 

I,  1884;    S.   Virginiensis,    1, 
7  :   Saxifragaceas,  stipules,  I, 

ingof,  III,  1854. 

ia,   Summer  Veg.,    Fries,   II, 

II,  1866;  embryo,  II,   1856; 
izelle,  II,  1853. 

Lichens,  II,  1852. 
[II,  1852. 
11,  1866. 
Jeum.  II,  1872. 
W.  P.,  II,    1852,    III,    1879, 

,  1880. 
3n,  I,  1868. 

::hr.,  Carices,  II,  1841-'43,  '52; 
,  II,  1852. 
idal,  III,  1868. 

M.  J.,  III.  1882,  '84;  vegeta- 
Id,  11,  1855. 
1,  III,  1869. 
ion,  I,  1876. 

jk.   III.    1866;   arrow  poison, 
I  ;  South  American  weeds,  11, 

• 

id  field   book    of   botany,    I, 


Schott,  III,  1866;  Aroideffi,  II,  1862. 

Schroeter,  Malvaceae,  II,  1883. 

Schultz,  C.  H.,  Ill,  1868. 

Schultz-Schultzenstein,  III,  1872. 

Schwann,  T.,  Ill,  1882 

Sciadopitys  verticillata,  Mohl,  II,  1871. 

Science,  consolations  of,  Straub,  II, 
1884;  history  of,  DeCandolle,  II, 
1885;  ladders,  D'Anvers,  II,  1884; 
teaching,  Goodale  and  Hyatt,  II, 
1879 ;  see  religion. 

Scirpeae,  Boeckler,  II,  1870;  Scirpus, 
subradical  flowers  in,  I,  1876;  S. 
Canbyi  and  S.  Clintonii,  I,  1864;  S. 
supinus,  I,  1878. 

Sderia,  Bntton,  II,  1886. 

Scolopendrium  officinarum,  I,  1866. 

Scott,  J.,  Tree-ferns,  11,  1875;  Primu- 
lacese,  II,  1865. 

Scrophulariaceae,  I,  1857,  '59 ;  Scrophu- 
laria  nodosa,  fertilization,  I,  1871. 

Scutia  ferrea,  I,  1879. 

Schweinitzian  herbarium,  II,  1853. 

Sedum  reflexum,  I,  1876. 

Seeds ;  does  sea  water  kill  ?  Darwin,  II, 
1855;  endure  cold,  DeCandolle  and 
Pictet,  II,  1880;  floating,  I,  1876 
form  and  structure,  Lange,  II,  1871 
improvement,  Vilmorin,  II,  1869 
Magnolia,  I,  1856,  Mi^  II,  1865 
venation  of  coats,  VanTieghem,  II, 
1873;  latent  vitality,  Van  Tieghem 
and  Bonnier,  11,  1882. 

Seemnnn,  B..  TI,  1857;  III,  1872; 
Botany  of  the  Herald,  II,  1852-'55, 
'57,  '58;  Fijian  coUections,  I,  1861, 
'62;  Flora  Vitiensis,  II,  1866,  '70,  '73. 

Segrez,  arboretum;  Lavall^,  II,  1877, 
'81,  '83. 

Selection,  Darwin,  II,  1860;  DeCan- 
doUe,  II,  1886;  Williamson,  II,  1874; 
find  theology,  I,  1883;  see  religion. 

Self-fertilization,  see  fertilization. 

Sequoia,  I,  1872. 

Serjania,  Radlkofer,  II,  1887. 

Sertum  Chihauhuense,  I,  1886,  '87; 
Sertum  Petropolitanum,  Pinher  and 
Mejer,  II,  1847;  Sertum  plantarum. 
Fielding  and  Gardiner,  II,  1844. 

Seubert,  III,  1879. 

Sexual  reproduction  in  the  lower  Crypt- 
ogamia,  Thuret  II,  1855. 

Seychelles,  Flora  of.  Baker,  II.  1878. 

Shaw,  sheep-erazing,  effect  on  vegeta- 
tion, II,  1874. 

Shepherd,  N.,  Darwinism,  II,  1884. 

Short,  C.  W.,  II,  1863,  III,  1863. 

Shortia,  1,  1868,  '78,  '86. 

Shrubs,  see  trees. 

Shuttleworth,  R.,  II,  1852,  '74. 

Sierra  Nevada,  see  palseontology. 


Sikktm,  Tree  ferna,  Scott  n,  1876. 

Silene,  Watson,  II,  l»1b. 

Sllphium  albiflorum,  II,  ISBT. 

SlniBtrorM,  I,  18T7. 

Smith,  H.  H.,  Branl,  n,  IBSO, 

Smilh.  John,  HUtoria  Filictim,  II,  1878; 

Damea  of  plants,  II,  1882. 
Smith,  Lady,  HI.  1877. 
Smith,  PleRBsncc,  III.  1878. 
SmitbsoQiaa  laBtittition.  I,  18G5. 
Solidago,  I,  1883. 

Sommera.  NovftScotU  planla,  II,  1877. 
Sonder,  O.  W.,  Ill,  1884;  see  Harrey. 
Sonoma  oouDty,  Cslirornia,  I,  1fl59. 
Sonom,   Thurber,   I,    1864;  Wright,   I, 

1S63. 
South  Africa,  see  Africa,  South. 
South   America,   xee    America.   South; 

Southern BtBtes, Cbapman,  M.  1860,  'H3: 

Darby,  II,  1841,  '55. 
SowerbT.  Ill,  IBli. 
Spach,  E..  III.  1880. 
Species,  I.  1863;  Alganim,  ARtrdh,  11, 

I8G4;     dmvation    of,     Hohenbiihet- 

Heufler.  II,  ISTli  Filicum,  weFttniB; 

not  trauamutable,  U.  1861  ;  ori^n  of, 

I.  l.'46D;    Dkrvin.  11.  1860;    bM  new. 
Splilrralc^  acerifolia.  1,  IS74. 
Sphapium.  LiiMbrrg.  II,  I8SS. 
SpidleKin  Gorpinira,   tVebb,  II,  ISfil. 
Spi(i«tia  Uarilnndio.  I,  1841. 
.■^pinner,  i^w  Ksenliwli, 

SpinvaiV.f,  Maiimowicz.  II.  IST9. 
Spir>iiitlii>d  KomanioTiana.  I.  is::l 
;^poui;iadii\  BowCThank,  II.  IS5S. 
S|HHitiinNiu!< ti«Deraiion.  1.  IS'S;  Child. 

n. ISflV 
Sprspii*,  Isaao.  I.  IS-IS:  andti.LGood- 

aW.  wiM  llowfr*.  11,  IS;;.   M. 
?prin)f.  .\   R.  ill.  IS5:i:  Lr(i>(k.>dia(«»-. 

II.  1*4; 

SpriHV,  R..  II.  1S5!»,  "60:  AMeraDthvVk 

II.  1S59:   ll^inlKV.  II.  li??fi. 
^uii<r.  K.  (i.,  trnpifal  fibr«^  II,  IS6S. 
^MnpDA.  I,  ISfit:  ^amioodr.  1.  I8i0. 
Storck  IB  ■Akwviplk.'rU-fnina.  II.  !£•& 


Streptanthus,  I,  1864. 

Structural   Botaoy,   I,    lS4i;  Babi^ 

II,  1846:  Koehler,  11,  I87e. 
Sturm,  III,  1852,  '66. 
Sturtevant,  E.  L.,  Indian  corn,  II 
Subradical  flowers,  I,  1876. 
Succeasiou  of  apecies,   1,  1863;  Mte 

dolle,  tl.  18611. 

Siickley,  G.,  see  D.  S.  Gort. 
Sullivant,  W.  S.,  I.  1846,  '48,  IL1I!1 

III,  I8T3,  '74;  moaaes,  etc,  li  "  "^ 
mBDuat.  1,  1856;  Icones  Uucocm 
11,  1864.  '7fi;— and  lesquereui. KB- 
ei.  11,  1867,  '66, 

Sulphur,    Botany   of    the.    Hindi  i^ 

Bentham.  II,  1841.  | 

Sumatra  Camphor-tree.  II.  1851. 
Sunflowera.   morement  of   andiobn 

I.  1881. 

Sweet  Potato,  1,  1876. 

Sylva,  Kuttall,  11,  IB41.  '12. 

Sylvan  winter.  Heath.  II,  18B6 

Sympetaleia,  II,  1887. 

Symphoricarpus.  1.  1875. 

Synopaia  Filicum.  Houkerand  Biker,  II. 
1876;  Ucheuum,  Kylander.  II.  1H»: 
Glumacearum,  St^u'del,  11,  IBii'K 
plaQtarum,  Uueller.  C,  and  Wilpoi 

II.  1857. 

Synoptical  Flora.  I.  1878,  '84;.Gt«j.I 

I87>i,  '84. 
Srnthlipsifi.  I.  1859. 
"  -sicmstic  boUDf.  I.  l!>42:  Griselari 
II,    1859;   Koehler.    II.    18T6;    pro 
.      T^tk*.  B«ntham.  II.  1875. 

TarKioui-Toiclti.  111.  1953. 
T»lk»aSc1d,  Bailer.  II.  IS^S. 
Tampim  jalap,  II.  1870. 
TaMoinia.  dora.  Hooker    II.  IS51  ,'i 

■5-i.  "60 
Txtnalt.    E..    Xeircastle    Co..  IVlavu 

II.  1S61. 
Tauni?.  Cedars.  Hiwter.  11.  l?^i, 
Tai,™miT.  Caniel.    II.  1S?1 
Tea  plaoL  GriS-.h.  !1.  I'M):  •Jaill^mi 

II.  1S41  :    Anwriian.  il.  I?"B. 
Traiperaur?.  dl«ct£  i'f.  IVCaoi'Jle.  I 

1375:  and  ^rowih.  BoSman.  11.  t^i 
TeoJrib,  coiSini:.   I.    135?:  DK'uidoI 

11.   ISIT:  iDOT^atentE   in   Curairl<<l 

Pnhallow.  II.  1337. 
r^B^nffe.  I>n^D-ire«.  l;,  I3«3. 
TeasNQM    [>Uats.    i.    I3~0:  G*IIiM< 

'.i.  lSJi7:'Y*a.-'W-w«>l    ;,  13<i. 

T<»rac><ki^.  Uafim^  11.  13T<^  :  Moqia 
Twd^-c  i;.  1311. 

13:3;  iianit^  tLiit><-T.    SXK-UfT  a) 
Ohot.  II.  1S«4. 
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Terminology  of  SBStivatioD,  I,  18*76. 

Tertiary,  see  palaeontolopry. 

Tescbemacher,  Boston  Soc.  Nat.  Hist, 
II,  1841. 

Tetralea,  I,  1853. 

Tetratheca,  I,  1852. 

Texas,  coUectious  by  Buckley,  T,  1862; 
Hall,  I,  1873;  Lindbeimer,  T,  1846; 
Wrigbt,  I,  1852,  '53;  II,  1853,  new 
Composita;,  I,  1846;  Xyctaginaoese, 
I,  1852;  wild  potatoes,  I,  1856. 

Text-book,  I,  1842;  Biscboff,  II,  1843; 
Saobs,  II,  1875;  see  Goodale. 

Textile  plant,  II,  1873. 

Tbalictrum,  Lecoyer,  II,  1886. 

Thallopbytes,  Dyer,  II,  1876. 

Tbelesperma,  I,  1849. 

Tbeology,  see  religion. 

Tbesaurus,  Pritzel,  II,  1852;  see  Har- 
vey. 

Tbladiantba  dubia,  Lyiicb,  II,  1887. 

Tbistles,  I,  1874. 

Tbompson,  D.  W.,  II,  1883. 

Tbompson,  T.,  II,  1868;  III,  1878,  '79; 
see  Hooker. 

Tburber,  collections  by,  I,  1854. 

Thuret,  III,  1875,  '76;  sketcb  by 
Bomet,  II,  1876;  Cryptogamia,  II, 
1855;  garden  at   Antibes,    II,   1878. 

Tbwaites,  G.  H.  K.,  Ill,  1884;  PlantaB 
Zeylaniie,  II,  1860,  '62,  '65. 

Thymeleae,  Polynesia,  I,  1865. 

Tiarella  cordifolia,  I,  1886. 

Tilesius,  W.  G.,  Ill,  1858. 

Tillandsia  usneoides,  J,  1 868. 

Todaro,  Goesjpium.  II,  1878. 

Tokio,  Herbarium,  II,  1886. 

Toledo,  cathedral,  I,  1882. 

Tolmiiea  Menziesii,  I,  1876. 

Tolmie,  W.,  Ill,  1887,  '88. 

Tommasini,  J.  S.,  Ill,  1884. 

Topograpby,  influence  of,  CJooper,  II, 
1874. 

Torrey,  John,  I,  1855,  '57,  '70,  '83,  III, 
1873,  '74;  Ammobroma  Sonorse.  II, 
1865,. '70;  Batis  marilima,  II,  1853; 
Darliogtonia  Oalifornica.  II,  1853 ; 
Mexican  boundary,  II,  1859;  Plantae 
FremontianiB,  II,  1853. 

Torrey,  J,,  and  Gray,  Flora  of  Xorth 
America,  I,  1838,  II,  1841. 

Torrey  Botanical  Club,  Bulletin  of,  II, 
1870. 

Torreya,  I,  1875. 

Townsend,  D.,  Ill,  1859. 

Trautvetter,  Flora  Rossica,  II,  1847. 

Treadwell,  I,  1866. 

Trecul,  cells,  II,  1855. 

Trees,  age,  I,  1844, '54;  Browne,  II, 
1846;  California,  I,  1857;  DeCan- 
dolle,  II,  1876;  catalogue,  Vasey,  II, 


1876;  culture,  II,  1882;  distribution, 
Cooper,  II,  1860 ;  how  they  grow  tall, 

I,  1874;  mammoth,  I,  1864;  plant- 
ing, Northrop,  II,  1878;  planting, 
Sargent,  II,  1876,  '78;  trees  and 
shrubs,  Loudon,  II,  1842;  of  the 
ancients,  Daubeny,  II,  1866;  Massa- 
chusetts, Kmerson,  II,  1847,  '75. 

Tree  Ferns,  Sikkim,  Scott,  II,  1875. 
Treviranus,  III,  1866. 
Triana,  Melastomacese,  II,  1873. 
Trichomanes,  I,    1 853 ;    T.  radicans,  I, 

1859,  '74. 
Trichostema,    fertilization,   Isaman,   II, 

1878. 
Trifolium    pratense,   how  fertilized,   I, 

1876. 
Trilisa,  I,  1884. 
Trillium,  anthers,    I,   1876;  T.   grandi- 

florum,  I,  1878. 
Trimen,  H.,  catalogue,  II,  1885. 
Trimorphism,  II,  1866. 
Trinidad,  Ferns,  Fendler,  II,  1878. 
Tristan,  J.  M.  C,  Marquis  de.  III,  1862. 
Triticum,  DeCandoUe,  II,  1887. 
Trumbull,  J.  II.,  I,  1877 ;  see  Gray. 
Tuber iform     productions    from    China, 

Berkeley,  II,  1859. 
Tuckerman,  E.,.  Ill,   1887;  CArioes,  II, 

1843;    Lichens  of  Cuba,    II,    1864; 

Lichenes  exsiccati,  II.  1858;  Genera 

Lichenum,  II,  1872:  Lichens  of  New 

En^laud,  II,  1848;  plants  of  Amherst, 

II,  1875. 

Tulasne,  L  R.  and  C,  III,  1886. 
Tulasne,  L.  R.,  Monimiacetc,  II,  1856; 

PodostemacesB,    II,    1853 ;    Uredineae 

and  Ustilaginese,  II,  1855. 
Tulipese,  Baker,  II,  1874. 
Turczaninpw,  III,  1866. 
Turner,  D.,  Ill,  1859. 
Turner,  W.,  names  of  herises,  II,   1882. 
Tyndall,  on  Mistletoe  II,  1874. 
Tweedie,  III,  1863. 

Underwood,  L.  M.,  Hepaticae,  II,  1884. 

Unger,  III.  1870,  '72;  Grundzuge  der 
Botanik,  II,  1843;  Japanese  flora,  II, 
1846;  see  palaeontology. 

United  States  Government  Explorations 
and  Surveys:  Black  Hills,  1,1880; 
Commander  Islands,  1, 1 885;  Exploring 
Expedition,  I,  1846;  new  genera,  I, 
1852,  '53;  Phanerogamia,  I,  1854,  II, 
1854;  North  Pacific,  Japan,  I,  1857, 
'59;  South  Pacific,  I,  1858,  '61,  II, 
1874;  Ives,  expedition,  I,  1860; 
King's  survey,  Watson,  II,  1872 ; 
Mexican  boundary,  I,  1854,  '59,  II, 
1859,  '62  ;  Pacific  railroad  surveys,  I, 
1855,  '57,  '60;  natural  history,  Suckley 
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and  Cooper,  II,  1860 ;  Point  Barrow, 

I,  1885;    Rothrock,   II,    1879;    San 
Juan  recounaissanoe,  I,  1878. 

Upham,  W.,  flora  of  Minnesota,  11,  1884. 
Urari,  Schombur^k,  II,  1841. 
Uredineae,  Tulasne,  II,  1855. 
Urtica  dioica.  Gravis,  II,  1885. 
Urticese.  Weddell,  II,  1858. 
Useful  plants,  Darlington,  II,  1859. 
Ustilagineae,  Tulasne,  II,  1855. 
Utricularia.  I,   1885;  U.  vulgaris,  Corn- 
stock,  II,  1876. 

Vaccinium  macrocarpon,  I,  1879. 

Valeriana?,  Krok,  II,  1866. 

Vallisneria  spiralis,  Chatin,  II,  1857. 

Vancouveria,  I,  1886. 

Van  den  Boscli,  R.  B.,  Ill,  1862:  Hy- 
raenophyllacese,  II,  1859. 

Van  Tieghem,  Coniferae,  II.  1872;  Cy- 
cadacea\  II,  1872;  Gnetaceaa,  II, 
1872;  Gramiueae,  II,  1873;  Mistle- 
toe, II,  1872;  ovules  and  seeds,  II, 
1873;  pistil  in  Primulaceje,  II,  1872; 
8antalacefe,  II,  1872 ;— and  G.  Bon- 
nier, seeds,  II,  1882. 

Variability.  Naudin,  II,  1876;  Varia- 
tion. I,  1863;  Carpenter,  II,  1884; 
DeCandoUe,  1 1.  1 863 ;  in  Lepidoptera, 

II,  1863;  see  Bree. 

Varieties,  do  they  wear  out?  I,  1874; 

oritrin  of.  II,  1863. 
Va^ev.     G..     forest     trees,    II,     1876: 

grasses,  II.  1883,  '84. 
Vava-a.  I. -1854. 
Veatohia.  I.  1884,  II,  1884. 
Vegetable,    embryos.    Briusi,   11.    1882  : 

kinjirdom.  Euglor.   II.  188H;  kingdom. 

Lindley,    II,    1854;    physiology,    see 

physiological    bot<4ny ;    steel-trap.    I, 

1874:   world.  Schleiden,  II,  1855. 
Vegetables.  Pailleux  et  D.  Bois,  II.  1885: 

Vilinoriii.  11,  1883. 
VciretatioD,  chemistry  of.   I.  1845:  tirst 

forms  in,  Macmillan.  II.  1876. 
Veilcli.  J.,  and  son.  Coaifer.e,  II,  1882. 
Venation.  Beal,  II.  187»'». 
Veueziiela  Mosses.  Fendler.  II,  1879. 
Verbenatva*.  I.  Is53. 
Vieia.  OeCandolle.  II.  1887. 
Victoria,    plants  of.    Mueller.   II,    1864. 

'79. 
\'ictoria  regiii,  .AlU'n,  11,  1834;   Hooker. 

II.  18.-)  J. 
Villarsia,  I.  1874. 
Vilmorin.  L..  on  .\lphonse  Lavallee,    11. 

188»>:  anieliorati»>n  des  plantes  par  le 

semi<.     11.     18:.'.»:      Bles.     II.     1882: 

Fleurs  LV  Pleine  Terre,  II,    1^64.  '68. 

"71  :   potaireres.  II.  1883. 
Vincetoxicum,  I,  1883. 


Vines,  S.  H.,  physiology  of  plaota^  n, 

1886;  see  Bower. 
Violace»,  I,  1852,  '86. 
Virginia,  Arundo  Donax  in,  I,  1874. 
Visiani,  R.  de.  III,  1879. 
Vitian  Islands,  I,   1862;  see  Seenunn; 

see  Feejee. 
Vitis,    Durand,    II,    1863;    Regel,  II. 

1874 ;  see  grape. 
Vogel,  III,  1842. 

Wahlenberg,  III,  1852. 

Walker,  G.  A.,  Ill,  1869. 

Wallace,  A.  R.,  Epping  forest,  II,  1878, 
'79. 

Wallich,  Dr.,  Ill,  1854. 

Wallman,  J.,  Characees.  II,  1858. 

Wallroih,  F.  W.,  Ill,  1858. 

Walpers,  G.  G.,  Repertorium,  II,  1844; 
Annales,  II,  1853,  '58-'60;  see  Muel- 
ler. 

Ward,  L.  F.,  Washington  flora,  II,  1882 

Ward,  N.  B.,  Ill,  1868,  '69;  growth  in 
tight  cases,  II,  1853. 

Ward,  R.  H.,  see  Behrens. 

Warming,  E.,  entomophilous  flowers.  II. 
1887;  Euphorbia,  II,  1872;  Podo- 
siemacese,  II,  1881,  '82. 

Wartenberg,  I,  1861. 

Washington  flora,  Ward,  II,  1882. 
j  Watson,  H.  C,  III,  1884. 
I  Watson.  J.  P.,  names  of  Indian  plants. 
!      II.  1869. 

.  Watson.  S..  Ceanothu.s,  II.  1875;  Cht-n- 
i      opodiaecie.   II,    4874:     Contribution?, 
i       II.  1874.  '76. '79.  '82,  '83. '85  :  Guada- 
lupe Island,  II.  1876:   index.  II.  187^ 
Sileue.  II.  1875;  see  Brewer,    see  U 
S.  Govt. 

Webb.  P.  B..  Ill,  1854:   eulosn*  by  Par- 
latore.  II.  1858:   Phytograpliia  <>iia 
riensfis.  II.  1852  ;  Spicilegia  «K)rg^nio:i. 
II,  1852. 

Weddell.  H.   A..   III.   isll.    '7:?:    RUs- 
nophore<e.   II,  1852:  Cblori-  AL'iiDi, 
II,   1862;  anchoua,   IK    18.-.2;  Cyn.>- 
morium  coccineum,  1 1,  I  '<^'»2 :   Urtic^^^ 
II,  1858. 

Weeds,  I.  1879:  Darlington.  II.  l^'-l^: 
.South  America,  SchoTuburgk,  II.  1 

Wellingtonia.  Decaisne.  II,  1  >.'>.'•. 

Wehvitsch.    F.,     II.     1S»;I.    III.    I 
Sertum  Angolense.  II.  1872. 

Welwitschia,     Hooker,     II,     1*^63; 
mirabilis.  II.  1865. 

Wenderolh,  G.  W.  F..  III.  lStj2. 

Wenzig.  Th..  Fraxinus.  II.  18^3. 

West  Chester  Co.  Flora.  Darlinsnor.. 
II.  1853. 

West  Indies,  explorations,  II.  l^8(>:  s<:r 
Grisebaeh . 
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Western  plants,  I,  1878. 

Westminster  Sermons,  see  religion. 

Wheat,  Vilmorin,  II,  1882;  from 
^gilops,  Dunal,  II,  1856. 

Wibbe,  orchids,  II,  1878. 

Wichura,  winding  of  leaves,  II,  1853. 

Wiegmann  and  Polsdorff,  carbonic  acid 
from  roots,  II,  1843. 

Wigand,  J.  W.  A.,  Ill,  1887. 

Wight,  R.,  IIL  1873. 

Wight,  Isle  of,  see  Bromfield,  see 
Hooker 

Wild  flowers,  Sprague  and  Goodale,  1 1, 
1877,  '84. 

Wilde,  Equisetacea}.  II,  1864. 

Wikstrom,  HI,  1857;  progress  of  botany, 
II,  1841,  '42. 

Wilkes,  see  U.  S.  Govt. 

Wilkina,  peach-stones,  II,  1887. 

AVilliamsoD,  J.,  Ill,  1885 ;  ferns  of  Ken- 
tucky, II,  1878. 

Williamson,  W.  C,  evolution,  II,  1874. 

"Willis.  0.  R.,  New  Jersey  plants,  II, 
1874,  '77. 

Willow,  weeping.  II,  1873. 

Wilmington  flora.  Wood  and  McCarthy, 
II,  1887. 

Wilson,  A.  S.,  nectar,  II,  1878. 

Wilson,  J.  II.,  DoCandoIle,  Elements, 
II,  1849. 

Wilson,  P.  B.,  Diatoms,  II,  1876. 

Wilson,  Wm.,  Ill,  1872. 

Wimmer,  Salix.  II,  1867. 

Winchell,  A.,  evolution,  II,  1874. 

Winding  of  leaves,  Wichura,  II,  1853. 

Winterbottom,  III,  1855. 

Wisconsin  flora,  II,  1861;  Grasses,  Lap- 
ham,  II,  1855 ;  destruction  of  trees, 
Lapham,  II,  1867. 

Witch-hazel,  II,  1873. 

Wittrock,  V.  B.,  Erythraeaj,  II,  1884, 
'86. 


Wolkoff,  see  Mayer. 

Wonders  of  plant  life,  Herrick,  II,  1884. 

Wood.  A.,  Ill,  1882,  '84;  Class  book, 
II,  1861;  and  Steele,  fourteen  weeks 
course,  II,  1879. 

Wood,  H.  C,  fresh- water  Algfe,  II, 
1873. 

Wood,  T.  P.,  on  M.  A.  Curtis,  II,  1886. 

Wood,  L..  II,  1858. 

Wood  and  McCarthy,  Wilmington  flora, 
II,  1887. 

Wood-cells  of  Hamamelidese,  Oliver,  II, 
1862, 

Woods,  Sargent,  II,  1885. 

Woodsia  Ilvensis,  I,  1874. 

Worcester  Co.  plants,  Jackson,  II,  1883. 

Wright,  Charles,  III,  1885,  '86;  collec- 
tions by,  I,  1852,  '53;  Cuban  plants, 
II,  1860,  Grisebach,  II,  1861;  Cuban 
Mosses,  II,  1862 ;  Pilioes,  Eaton,  II, 
1861  ;  see  U.  S.  Govt. 

Wright,  G.  P.,  Christian  evidences,  II, 
1880. 

Wurtz,  theory  of  atoms,  II,  1874. 

Wyman,  J.,  Ill,  1874. 

Xantus,  collections  by,   I,   1859,  '61. 

Yale  College,  Lecture,  I,  1880 ;  cata- 
logue of  plants,  II,  1878. 

Yellow- wood,  I,  1865. 

Young,  A.,  Maine  flora,  II,  1848. 

Yucca,  Engelmann,  II,  1873;  Y.  glori- 
osa,  I,  1874. 

Zanardini,  G.,  Ill,  1879. 

Zelee,  II,  1852. 

Zeyher,  C,  III,  1859. 

Zipporer,  P.,  Sarraceniaceje,  II,  1885. 

Zizania  aquatica,  II,  1873. 

Zoology,  I,  1876. 

Zostera,  Hofmeister,  II,  1853. 


i.  • 


■i' 


i 


^  J 


t  -i 


i 


1 


I 
I 

i 


-«t 


J 


i 


STANFORD  UNIVERSirY  LIBRARIES 

Stanford,  California 


(TF* 


\ 


\ 


